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ABBREVIATIONS 
Cp = cyclopentadienyl (C5H5) 
DMF = dimethylfonnainide 
DMSO - dimethyl sulfoxide (MegSO) 
esd = estimated standard deviation 
Et = ethyl (C2H5) 
i-Pr = iso-propyl (i-CgH^) 
L = ligand 
M = metal 
Me = methyl (CH3) 
monoglyme = CH3OCH2CH2OCH3 
n-Pr = n-propyl (n-CgHj) 
Ph = phenyl (C^Hg) 
PPN+ = bis(triphenylphosphine)iminium cation ((PhgP)2N^) 
py = pyridine (C5H5N) 
quinuclidine = CH(C2H^)3N 
THF = tetrahydrofuran (C^HgO) 
X = halogen atom 
Z = interstitial atom 
lS-crown-5 = 1,4,7,10,13-pentaoxacylopentadecane 
18-crown-6 . = 1,4,7,10,13,16-hexaoxacyclooctadecane 
2,2,2-crypt = 4,7,13,16,21,24-hexaoxa-l,10-diazobicyclo-(8.8.8)hexaco8ane 
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INTRODUCTION 
The accidental discovery that small amounts of an adventitious element in the solid 
state syntheses were able to stabilize complex reduced transition metal cluster halides [1] 
has led to the deliberate synthesis of a multitude of new compounds. A particularly 
prolific cluster element is zirconium. The large number and variety of its temaiy and 
quaternary compounds have been subject of many publications and several dissertations 
[1-11]. The common feature in all these compounds is the presence of octahedra of metal 
atoms surrounded by twelve halogen atoms bridging each of the twelve edges of the 
metal octahedra (also referred to as X^). In addition, a set of low energy bonding orbitals 
extending radially from the vertices of the metal octahedra is always occupied by a fifth 
halide or other basic group [2] (also referred to as X^or L^) (Figure 1). A single atom at 
the center of each metal octahedron is also always present. The variation of the 
interstitial atom, ranging from first and second row main group elements like hydrogen, 
beryllium, boron, carbon or nitrogen to transition metals like manganese, iron, cobalt or 
nickel is one source for the variety of compounds formed. Furthermore, the octahedral 
cluster units can be connected to each other, via the terminal halide ligands (also referred 
to as X^'^), to form three-dimensional networks of clusters. The numerous structures that 
arise from the different ways in which these networks can be formed and their detailed 
descriptions, although very interesting, are not the subject of this dissertation and can be 
found elsewhere [2-6]. 
2 
I 
G  
Figure 1. A centered M^X^g-cluster. Open ellipsoids are X atoms and large 
and small crossed ellipsoids are M and interstitial atoms, 
respectively. The solid lines represent the bonds within the M^Z 
cluster core. Representative bridging(X^)- and temiinal(X^)-
halogen atoms are labeled (compare text) 
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A question that had not yet been addressed was whether the observed cluster units 
were stable only in solid state materials or whether they could be dissolved with retention 
of the cluster framework. At the beginning of this research, there was no precedent in the 
literature for any octahedral zirconium cluster in solution. A solution chemistry of 
(MgX^2)Xg type clusters is known for the reduced halides of niobium and tantalum, 
which are also prepared by high temperature solid state reactions. Their main structural 
difference from the zirconium system is the stability, for electronic reasons, without an 
additional element in the center. MO calculations have shown that 16 is the optimum 
number of cluster bonding electrons for niobium and tantalum clusters, while the centered 
zirconium materials generally prefer 14 electrons for metal-metal bonding. In the latter 
cases, this count can be obtained only by inclusion of the additional atom into the center 
of the metal octahedron [4,6]. 
The solution chemistry of niobium and tantalum clusters has been explored 
systematically since the early 1960s. Clusters can be extracted from the solid state 
materials with water and in air to obtain, e.g., (NbgCl22)^2(^2^)4 * ^^20 in good 
yield [12-18]. This can then be used as starting material for a variety of reactions which 
are usually carried out under an inert atmosphere. These reactions include conversion 
with excess CI", in absolute ethanol, to the 16-electron cluster [(NbgCl22)d6]^", and 
oxidation with HCl gas to [(Nb^Cl|2)^6^^' [^8-21], and with chlorine gas to 
[(NbgQ22)Clg]^" [18,19,22,23]. More recent work included the preparation of 
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(NbgCli2)Cl2(DMSO)4 [24-26], (Nbgai2)Cl2(R3P)4 [R = Et, n-Pr] [27,28] and 
H4|Ta6ai2(CN)6] [29]. 
These reactions gave some indication of a potential solution chemistry of centered 
zirconium materials, but the experimental conditions were not transferable. The solvents 
used for niobium and tantalum cluster chemistry, water and ethanol, will oxidize the 
reduced zirconium halide phases rapidly. 
The first evidence in the literature for formation of octahedral zirconium clusters 
came in 1988 when Cotton, Kibala and Roth [30] reported that "it has been found that 
when a toluene solution of green Zr2Clg(PMe2Ph)4 is heated it turns red". The isolation 
of a cluster product from this solution is then simply reported as: "After several weeks, 
some red crystals were obtained and shown by X-ray crystallogq)hy to contain 
(ZrgCl22)(PKMe2P)g molecules". The authors note that they "have no evidence that this 
cluster is actually present in solution, since NMR spectra (^^P) are complex and not yet 
understood". They did not know whether this compound was an empty 12-electron 
cluster or a hydrogen centered 13-electron cluster either. Solid state clusters in the 
zirconium chloride system have only been observed centered and with electron counts 
ranging from 13 to 15 when centered by main group elements. 
General Approach to Cluster Solution The general aim of this research was the 
solution of centered zirconium halide cluster materials with retention of the 
(ZrgCli2Z)P^ cluster core. At the beginning, it was by no means clear whether this 
could actually be achieved. There was certainly a possibility that the solid state materials 
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containing zirconium with a formal oxidation state of less than 4+ are too strong and fast 
reacting as reducing agents to be stable in any solvent. Thus, the foremost question to be 
answered was whether a process could be found by which centered zirconium halide 
clusters could be successfully dissolved and stabilized as [(ZrgQj2Z)Lg]4'. As 
mentioned earlier, these clusters have never been observed without ligands in the terminal 
positions. The envisaged process thus can be described best with the following general 
reaction equation: 
l%(Zr,a.2Z)a(g..) + nLk- > mM+ + KZr«a,2Z)CI(«..)L^]-l"'+k.n, 
Only after achieving this goal could the development of a solution chemistry for these 
clusters be addressed. 
Assuming that the above reaction occurs, is it thermodynamically or kinetically 
controlled? If a thermodynamic equilibrium exists between the solid state material and 
the derivatized cluster in solution, the lattice energy of the starting material, the stability 
of the derivatized cluster, the concentration of the added ligand and solvation energies for 
the ions will influence the equilibrium. Macrocyclic polyethers [31-33], also referred to 
as "spherands", are known to form stable complexes with alkali metal cations [34], and 
addition of a cation-complexing agent such as 18-crown-6 or 2,2,2-crypt should shift this 
equilibrium towards product formation. Most starting materials contain (Zr^Cl 
clusters interconnected to varying degrees by bridging halide atoms that occupy the 
tenninal positions on the clusters. Does the number of interconnections per cluster unit 
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affect the solubility of the material? Solution and thus disconnection of the bridges in 
these materials would lead to vacant free terminal positions on the clusters that 
presumably would have to be coordinated by some added ligand in order to stabilize the 
isolated clusters. As seen in the solution of K4(NbgClj2)^6 ^ to give 
(NbgClj2)d2(H20)4 [16,18], this function can be assumed by the solvent itself. Is this 
ligation by the solvent possible for the centered zirconium cluster materials, too? Of 
major interest here is also a possibly active involvement of an added ligand in the 
solution process. Can the cleavage of Zrg Cl-Zrg bridges by a suitable ligand be the 
determining step for a successful solution of the cluster material? Some of the starting 
materials contain alkali (LigZr^QjgH, Na^Zr^Cl^^Be, KZrgO^gC, RbgZr^Cl^gB, etc.) 
or alkaline earth (Ba2ZrgCl^^B) metal cations and charged clusters, some do not 
(ZrgCl J 2^). How does their presence affect reactivities? 
Of course, nothing was known about the solution behavior of centered zirconium 
halide clusters. Thus, an ease of synthesis and therefore the availability of starting 
material led to the choice of the zirconium chloride systems. Exploration of the solid 
state chemistry in the zirconium-chlorine system was and still is an active research area. 
Therefore, the cluster compounds employed were tested whenever they became available, 
i.e., as a good quantitative synthetic route was established for an individual compound. 
Besides patience, persistence, and the rigorous exclusion of air and water from all 
reactions, it was the tedious but successful search for an appropriate solvent (acetonitrile) 
7 
that eventually led to the successful solution of centered zirconium chloride clusters and 
to the beginning of a systematic exploration of their solution chemistry. 
Tables 1-3 list the compounds that have been synthesized and analyzed by X-ray 
crystallogr{q>hy and their lattice parameters. 
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Table i. Derivatized Zirconium Chloride Clusters 
Neutral clusters 
(ZrgCli2H)(EtNH)6 # 8CH3CN 
(ZrgCli2Be)(EtNH)5 • 8CH3CN 
(ZrgCli2Be)(i-PrNH)g • 8CH3CN 
(ZrgCl|2Be)(Et3P)g 
Ionic clusters 
(Et4N)4(ZrgaigC) • 2CH3CN [triclinic] 
(Et4N)4(ZrgaigBe) • 2CH3CN 
(Et4N)4(ZrgCljgC) • 2CH3CN [monoclinic] 
(Et4N)4(ZrgaigFe) • 2CH3CN 
(Et4N)4[(Zrgai2Fe)Cl3Br3] • 2CH3CN 
(Et4P)4(ZrgaigC) • 2CH3CN 
(Et4P)4(ZrgCligBe) # 2CH3CN 
(Et4P)4(Zr6aigFe) • 2CH3CN 
(Ph4P)4(Zr^CligB) • (Ph4P)2(Zra5) 
(Ph4P)4(ZrgCligBe) # 4py 
(Na-2.2,2-crypt)3(PPN)(Zr6ai8Be) 
Other products 
[(Me3P)3(CH3CN)3Fe](Zrag) 
Table 2. Lattice Parameters of (Et^Y)^[(Zr^CI ^ 2Z)CI^Xg] *2CHgCN Type Compounds^ 
Confound a (A) b(A) c(A) a(deg) P(deg) Y(deg) V(A3) 
(Et4N)4[(Zr5ai2C )Cy • 2CH3CN 12.584(5) 13.097(3) 12.384(4) 93.37(2) 105.29(3) 118.46(2) 1689(1) 
(Et4N)4[(Zr6ai2Be)Cy • 2Œ3CN 12.655(4) 13.169(4) 12.419(3) 93.63(2) 105.28(3) 118.40(2) 1712(2) 
(Et4N)4[(Zrgai2C )Cy • 2CH3CN * 13.133(2) 13.282(2) 20.475(4) 90.0 103.72(2) 90.0 3470(2) 
(Et4N)4[(Zr^l2Pc)C»6l * 2CH3CN * 13.177(5) 13.345(2) 20.612(5) 90.0 103.77(2) 90.0 3521(3) 
(Et4N)4[(Zr^Cl ^ 2^*^)^13813] • 2CH3CN 13.379(5) 13.564(3) 20.714(7) 90.0 104.25(3) 90.0 3643(4) 
(Et4P)4[(ZrgCli2C )Cy • 2CH3CN 12.669(5) 13.391(3) 12.600(4) 100.34(3) 110.80(3) 62.99(2) 1779(1) 
(Et4P)4[(Zr6a^2Be)Cy • 2CH3CN 12.732(5) 13.435(6) 12.657(5) 100.13(3) 110.89(3) 63.15(3) 1804(1) 
(Et4P)4[(ZrgCl|2Fe)C%] • 2Œ3CN 12.769(2) 13.485(2) 12.700(3) 100.19(2) 110.89(2) 63.05(2) 1820(2) 
^ All confonds crystallize in P-1 except Aose madsed * which crystallize in 
Table 3. Lattice Parameters of (Zr^CI|2Z)(RNH2)5 • 8CH3CN Type Compounds^ 
Congound a (A) b(A) c(A) a(deg) P(deg) Y(deg) V(A3) 
(Zr^Cli2H KEtNH)^  • 8CH3CN 13.052(2) 17.582(3) 13.207(2) 90.0 90.95(2) 90.0 3030(2) 
(ZrgCli2Be)(EtNH)6 • 8CH3CN 13.115(6) 17.667(5) 13.248(4) 90.0 90.95(3) 90.0 3069(3) 
(ZrgCli2Be)(i-PrNH)5 • 8CH3CN 13.712(9) 17.234(2) 14.124(5) 90.0 91.46(2) 90.0 3336(4) 
 ^All compounds crystallize in P2 
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EXPERIMENTAL 
Materials and Experimental Techniques 
AU manipulations were performed either in an inert atmosphere (N2) glovebox or on 
a vacuum line, as both the reactants and the products are generally moisture and air 
sensitive. All solid reactants were stored under nitrogen and used as obtained. The 
solvents and amines were dried by stirring over CaH2 for two days, followed by • 
distillation under vacuum into a storage flask containing 4A molecular sieves. The 
phosphines were used as obtained. Sources of the reagents are as follows: Aldrich 
Chemical Co.: 15-crown-5, tetraethylphosphonium chloride, tetrq)henylphosphonium 
bromide, triphenylphosphine, dimethylphenylphosphine, triethylphosphine, 
trimethylphosphine-silver iodide complex, quinuclidine, ethylamine, dimethylethylamine; 
Alfa Products: tetraethylammonium tetrafluoroborate, tetraethylammonium 
hexafluorophosphate; Eastman Kodak Co.: tetraethylammonium bromide, tetra-n-
propylanunonium chloride, triethylamine, i-propylamine, n-propylamine; Fischer 
Scientific Co.: acetonitrile, pyridine, tetrahydrofurane, acetone, diethylether, sodium 
ethoxide, calcium hydride, 4A molecular sieves; Matheson: methylamine; Merck: 
2,2,2-ctypt; PCR Inc.: 18-crown-6. 
Synthetic methods The centered zirconium chloride clusters were prepared 
according to the methods used by R. P. Ziebarth. Details of preparation are described 
elsewhere [5-11]. The purity of the samples was checked by recording Guinier powder 
patterns [33]. Derivatization of these materials was generally performed as follows: In an 
11 
inert atmosphere giovebox, 20 mg of the zirconium chloride cluster material and a small 
Teflon coated stirring bar were loaded into a three-armed qiparatus equipped with two 
Teflon needle valves (there is no valve between the inner two arms) [36]. All solid, 
nonvolatile reactants were then added in their {^ropriate amounts. The valve core was 
replaced, and the apparatus connected to a vacuum line. Where applicable, liquid 
reactants with high boiling points ( >200°C ) were syringed in (to ± 0.01 ml) under a 
stream of nitrogen gas. The apparatus was evacuated, and all remaining liquid reactants 
and the solvent condensed in with the aid of a cold tnqp. Small amounts of liquid were 
condensed with an accuracy of ± 0.025 ml from graduated containers equipped with 
Teflon needle valves, while the solvent was added accurately to ± 2.5 ml. In reactions 
where addition or exchange of solvent was necessary, the valves were closed and the 
apparatus heated to room temperature by immersing it into a waterbath. In the other 
cases, particularly when cooling the apparatus for crystallization purposes was 
anticipated, the inner two arms were sealed off together. The large difference in 
expansion coefficient between Pyrex and Teflon invariably led to leaking of the needle 
valves upon cooling. After warming the condensed liquid to room temperature, the 
reaction mixture was stirred, usually from 12 to 36 hours, occasionally longer, until all 
starting material had reacted. The sometimes intensely colored solutions were usually 
extremely air and moisture sensitive, and attempts to record IR-spectra of solutions failed. 
Thus, single crystals and their X-ray crystallographic analysis became the exclusive 
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means of identifying reaction products. As a result, the growth of single crystals from 
reactions became the most important step during the synthetic efforts [37,38]. 
A frequently used method of obtaining single crystals was the slow removal of the 
solvent from solutions. This was achieved by using a thermal gradient between room 
tenqjerature (solution arm) and a dewar filled with water (-18°C, second arm). This 
method was used successfully for crystallization of ionic products. Neutral products 
usually gave oils or poorly crystalline materials with his method. These were better 
crystallized by simply cooling their solutions to -S^C, which produced high quality 
crystals within 2 to 3 days, if the solubility and concentrations were right. 
Syntheses 
Starting Materials and Solvents 
The variation of the added ligand in reactions is the main concern of this dissertation 
and will be discussed in more detail in the following sections. Initially more important 
points are the choices of the proper starting material and of a suitable solvent. 
A total of 13 different centered zirconium cluster chloride compounds was checked 
for their solubility. The conqwunds used most successfully were Na^Zr^Cl^^Be, 
KgZr^Cl^gBe, KZrgCl^gFe, LigZr^GjgH and, to a lesser degree, KZr^Cl^gC and 
RbgZrgClgB. The presentation wiU therefore focus on the reactions of these materials, 
but others will be mentioned where (^ropriate. 
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Probably the most important choice is that of an appropriate solvent. Not only will it 
have to facilitate the solution of the starting material but also it must be inert enough to 
not react with the solutes. Initial tests showed that addition of water, either straight or in 
combination with other solvents, to KZr^Clj^C, KZr^Cl^gFe, KgZr^Cl^gBe and 
Na^&gCl^gBe led to rq)id decomposition of the starting material and precipitation of 
initially orange then discoloring to white, gelatinous materials. Evolution of gaseous 
decomposition products was usually not observed. This indicated that the starting 
materials are moisture sensitive, and all reactions would have to be carried out with 
exclusion of water. Since most starting materials contained alkali metal cations and can 
be considered ionic, DMSO and DMF, both solvents with high dielectric constants, were 
tested. While DMF led to apparent decomposition of all starting materials tested, DMSO 
was eliminated for practical reasons since its high boiling point made condensation into 
reaction containers essentially impossible. 
A comparative study using THF, monoglyme, pyridine, ethylenediamine and 
acetonitrile was carried out with KZr^Cl ^ ^Fe since this had been identified as the most 
reactive material in reactions with CI" and acetonitrile. The added ligand was 
quinuclidine, a solid chosen for its ease of handling. The comparison showed that only 
the last three solvents gave any solution at all. The experiment with ethylenediamine led 
to the formation of a gas, an observation that had also been made earlier with 
Na^ZrgQjgBe which effectively eliminated it as a potential solvent. The two remaining 
solvents, pyridine and acetonitrile, gave sufficiently rapid solution, and initially both 
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were used with a variety of different starting materials. Reactions of Na^Zr^G jgBe with 
pyridine usually led to formation of intensely colored, ruby red solutions which, over a 
period of 3-5 days, quantitatively produced a black, microciystalline material that could 
not be redissolved in either excess pyridine or acetonitrile. A subsequent reaction of 
Na^Zr^Cl^gBe in acetonitrile with a forty-fold amount of pyridine led to the complete 
solution of the starting material and the formation of an orange solution similar to ones 
later achieved in successful reactions with EtNH2 in acetonitrile. Within a day the color 
then changed to red, and a black microcrystalline residue precipitated, just as seen in 
reactions with pyridine only, eliminating it as solvent for cluster solution. Consequently, 
acetonitrile was used in all reactions described in the following chapters. The remaining 
part of the discussion will deal with the variation of the added ligand in reactions of the 
previously mentioned solid materials. 
Ionic Ligands 
Starting materials with a zirconium to chlorine ratio of 6 to 18 consist of isolated 
(Zr^Cl clusters. In this special case, no halide bridges between clusters have 
to be broken upon solution, eliminating the need for an additional ligand. Thus we can 
describe RbgZrgCl^gB and LigZrgCl^gH as materials containing (ZrgGj2^) clusters 
with six terminal ionic ligands. Both compounds show similar behavior, a slow solution 
of Rbg2[r^Cl^gB without spherand and of LigZrgCl^gH with 18-crown-6 present. At 
room tenq>erature these reactions remain incomplete for weeks. At SO°C the reactions are 
considerably faster and lead to complete solution with formation of light yellow 
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solutions. Furthermore, addition of 18-crown-6 to Rbg&gCl^gB and 15-crown-5 to 
LigZrgQ jgH appears to speed up both solution processes as well, giving similar results. 
While solutions of Li^Zr^Cl^gH plus Et^NPF^ without additional ligands have not yet 
produced any crystalline products, heating Rb^Zr^QjgB and Ph^PBr in acetonitrile to 
50°C led to the isolation of the partially oxidized (Ph^P)^(ZrgCl ^  gB ) # (Ph^P)2(ZrClg) 
in good yield. 
Chloride Using a starting material with a zirconium to chlorine ratio less than 
6:18 will leave dissolved clusters short on terminal chlorine ligands. Reactions of 
Na^Zr^Cl^gBe, KgZr^Cl^gBe, KZrgCl^gC and KZrgCl^gFe were carried out with a 
fifty-fold excess Et^PCl. Some early reactions accidentally led to deconqwsition of some 
starting material either because of oxidation by solvent or air. The CI' thus produced 
could also act as ligand to fomfi Zr^QjgZ type clusters. Both types of reactions led to 
the isolation of a series of seven compounds with the stoichiometry (Et^Y)^(ZrgCl ^  gZ) • 
2CH3CN t Y = N,P and Z = Be, C, Fe ] (Tables 1,2). 
Other ionic ligands The isolation of (Et4N)4[(Zr^Clj2^^)^3^'^3l * 2CH3CN 
was first achieved in good yield from a reaction of KZr^^Cl^gFe in the presence of a six­
fold excess of quinuclidine. A four-fold molar amount of Et^NBr with respect to the 
starting material had been added to provide large counter cations for better ciystallization 
of anionic clusters. Hie amount of Br' added was sufficient to occupy roughly half of the 
terminal ligand sites; thus the stoichiometry obtained was initially attributed to the ratio 
of halides present. A later attempt was made to displace all terminal ligands with 
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bromine with a large (100 fold) excess of Et^NBr. A semiquantitative (EDAX) analysis 
of three single crystals from the latter, quantitative reaction gave an approximate ratio of 
zirconium : chlorine : bromine - 6:15:3. 
A series of reactions of KZr^Qj^Fe in acetonitrile with stoichiometric amounts of 
KSCN was carried out. Addition of halide to KZrgO^g Fe in acetonitrile always led to 
formation of intensely colored blue solutions. Furthermore, the solid starting material 
appeared to be dark blue, and the products containing [(ZrgCl ^  (X=Cl,Br) 
ciystallized as blue gems. Therefore, the blue color is quite indicative of (Zr^Cl jgFe)^' 
type clusters. Variation of spherands in the reaction with KSCN led to some unusual 
results. If no spherand was added, the KSCN remained essentially undissolved and the 
reaction proceeded as if no ligand was present, giving quantitative conversion to a blue-
grey precipitate and yellow solution. Addition of 2,2,2-ciypt led to very rapid solution of 
all reactants to form a deep blue solution, but the color of this solution changed within 
minutes to brown. As we will see in a later chapter, this indicates that the cluster material 
is decomposing; presumably formation of mononuclear iron complexes gives the solution 
its typical brown color. When 15-crown-5 or 18-crown-6 was added instead, the behavior 
was different again and the solution remained blue for weeks. When diethylether was 
allowed to diffuse slowly into such a solution the solvent turned colorless, and a large 
amount of blue plates crystallized. Unfortunately, none of the crystals produced so far 
was of sufficient quality for a single crystal diffraction experiment. 
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The reaction of Na^Zr^Cl^gBe with KSCN and 18<crown-6 also produced a highly 
soluble product, in this case red. Cooling to-18*C over several months led to formation 
of a few large crystals. An attempt to isolate and mount these crystals led to their 
destruction. Apparent loss of solvent led to cracking and splitting into small fragments, 
unsuitable for single crystal diffraction work. 
KZrgCl^gC and KZrgCl^gFe were each reacted with NaOCHg in presence of 
Et^NBr. The assumption was that this ligand, being a hard base, would stabilize 
dissolved Zr clusters as seen with Nb and Ta clusters [39]. In both cases, single crystals 
of (Et4N)4(ZrgCljgZ) • 2CH3CN were isolated. 
In 1982, Basson and Leipolt [29] reported the preparation of H4[TagCl22(CN)g]. 
This showed that CN' can be used to serve as terminal ligand for type clusters. 
An attempt was made to react KZr^Qj jFe with NaCN in presence of 15-crown-S (added 
to solubilize the NaCN). The result was the immediate decomposition of the starting 
material and prec^itation of a white gelatinous material. 
In an attempt to stabilize dissolved clusters via zirconium-carbon bond formation, 
KZr^CI^gFe and Na^Zr^CI^^Be were reacted with NaCp in presence of Et^PFg (no 
spherand). Both reactions proceeded differently conq>aied with reactions without NaCp. 
The reaction with the iron-centered compound gave a dark brown solution which is 
indicative of decomposition of the cluster material. Na^ZrgCl^^Be gave an orange-
brown solution and a bright red microcrystalline residue, typical for derivatized Zr cluster 
materials. Slow eviration of the solvent from the decanted solution did not result in 
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any crystallization. It is therefore not clear whether Cp' actually became a ligand. Since 
butyllithium reacts with acetonitrile, a direct reaction of organolithium compounds with 
zirconium chloride clusters in acetonitrile is not possible. 
Neutral Ligands 
Phosphines The preparation of (ZrgC1^2)(PhMe2P)g by Cotton, Kibala and Roth 
[30] had indicated that phosphines might be suitable ligands for derivatization of centered 
zirconium halide clusters, despite the qxparent accidental and presumably 
nonreproducible synthesis. 
The reaction of Na^ZrgCl^gBe with MegP in acetonitrile produced within six hours 
an {q)parently quantitative conversion of the starting material to a bright red, 
microcrystalline product. Unfortunately, it was not possible to recrystallize this product, 
which proved to be completely insoluble, not only in acetonitrile, but also in toluene and 
THF. Heating to 75®C did not give a visible improvement of the solubility. 
Na^Zr^Cl j^Be was then reacted in acetonitrile with EtgP in an attempt to prepare a more 
soluble product via an increase of the carbon chain length on the phosphine. This also 
produced a large amount of an orange-red, microcrystalline prec^itate, but limited 
solubility in acetonitrile gave an orange solution. Cooling to S^C led to considerable 
decoloration of the solution and an increase in the amount of precipitate. This showed 
that the limited but finite solubility at room temperature could be used to obtain single 
crystals. Simply placing the reaction container into a refrigerator only gave an increase in 
the amount of microcrystalline residue. The cooling process was apparently too fast to 
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produce diffraction quality crystals. In order to achieve a much slower cooling rate, the 
reaction container was first placed into a dewar filled with water at dO^C, and this then 
closed off with an insulating lid to ensure minimum heat loss and thus very slow cooling 
of the solution. Finally, this dewar was then placed into a refrigerator at S^C. After 3 
weeks a large amount of diffraction quality, red, single crystals had formed. An X-ray 
diffraction analysis showed that the product was (ZrgCl ^  2Be)(EtgP)g. 
Na^Zr^QigBe + 6 EtgP (ZrgaigBeXEtgP)^ + 4 NaCl 
The close similarities in the reactions of Na^Zr^Cl^^Be with MegP and EtgP suggest 
that (ZrgGj2BeXR3P)5 forms in both reactions. 
Reactions ofNa^ZrgCl^^Be with PhMe2P in acetonitrile also gave quantitative 
conversion of the starting material, but here a very soluble orange product is formed. 
Cooling a solution to -18*C did not induce any precipitation, but the product can be 
isolated as orange powder by simply stripping off the acetonitrile. Attempts were then 
made to grow single crystals from a variety of other solvents or solvent mixtures. Cotton, 
Kibala and Roth [30] reported that the (ZrgCl ^ 2XPhMe2P)g crystals had been obtained 
from toluene. Unfortunately, the orange product qqxared to be completely insoluble in 
toluene as well as THF. Attempts were then made to recrystallize the product from 
acetonitrile via slow interdiAusion of a second solvent into the solution. Since 
acetonitrile is immiscible with hydrocarbons, these could not be used. Addition of THF 
on the other hand initially did not force any precipitation. The product iq>peared to be 
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soluble in mixtures of acetonitrile and THF at ratios up to at least 1:2.5, while addition of 
larger amounts eventually gave precipitation of an orange, microcrystalline product. 
However, the experiments with mixtures of THF and acetonitrile were not reproducible. 
In one instance, no precipitation occurred after 80 ml of THF had been added to a 1.25 ml 
acetonitrile solution while in another, supposedly identical, reaction, addition of 8 ml 
THF to 1.25 ml acetonitrile solution of the same concentration was enough to cause 
excessive prec^itation of an orange microcrystalline product. Slow diffusion of 
diethylether into acetonitrile did not cause precipitation at all. 
Several reactions using PhgP with KgZrgCl^gBe, Na^Zr^Cl^d^*' and KZr^Cl^gC 
were carried out. All led to formation of orange solutions and precipitation of varying 
amounts of orange microcrystalline materials. In none of these cases was the attempt to 
obtain single crystals successful, and the composition of each product is unknown. 
Primary amines Four different primary amines, MeNH2> EtNH2; n-PrNH2 and 
i-PrNH2 were reacted in acetonitrile with a variety of starting materials. While 
Ba2ZrgCl^yB, and CsgZrgCl^^B did not react at all, RbgZrgCl^gB and 
KZr^Cli^C gave only partial dissolution and formation of an insoluble product, even in 
presence of a spherand and large counter cation. Identification of any products for the 
latter two was not successful. KgZrgCl^gBe, Na^Zr^Cl^^Be and LigZrgCl^gH on the 
other hand reacted with all primary amines to give complete conversion to 
(ZrgCli2Z)(RNH2)(5 within half a day, e.g., 
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Na4Zr5ai5Be + 6RNH2 (ZrgCli2Be)(RNH2)6 + 4 NaCl 
(ZrgCl 2 2Be)(MeNH2)g is insoluble in acetonitrile at room temperature and forms a 
bright red microciystalline precipitate. All others tried are well soluble at room 
ten^rature but can be crystallized quantitatively with eight solvent molecules per cluster 
from the solutions by cooling to 5°C. With the exception of (ZrgCl22Be)(n-PrNH2)g, 
which crystallizes into very fîne red needles, these then were isolated as very well shaped, 
red gems. The (Zr^Q22BeXi-pi'NH2^6 compound redissolved rapidly when the solution 
was heated from 5* to room temperature. Judging by this behavior, the carbon chain 
length of the amine strongly determines the solubility of (Zr^Cl j2^XRNH2^6 dusters. 
Three X-ray crystallographic structural analyses on (ZrgQj2^KRNH2^6 * BCHgCN, [Z 
= Be, R = Et; Z = Be, R = i-Pr; Z = H, R = Et] were carried out (Tables 1,3). 
Initially, the reactions of primary amines with beryllium-centered compounds had 
been carried out without added spherand, and the precipitation of a small amount of a 
white microcrystalline residue was observed. After the successful synthesis and single 
crystal stracture determination of (Zr^C1^2B*XEtNH2)g prepared from Na^Zr^Cl^^Be, 
it became clear that this white precipitate had to be NaQ. The complete displacement of 
all terminal chlorine ligands initially was attributed to the precipitation of the alkali metal 
chloride. The question arose, whether it might be possible to prepare clusters with both 
halide and ethylamine ligands in the temiinal positions. If the amine was not capable of 
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displacing temiinal chloride ligands already present, then suppressing their removal via 
NaCl precq)itation might give such a conqx)und, e.g., 
Na^Zr^Clj^Be + 2EtNH2 [(ZrgCl ^  2Be)Cl^(EtNH2)2]^ + 4(Na-spherand)^ 
CH3CN 
Addition of both 15-crown-5 to Na^ZrgCl^gBe and 2,2,2-crypt to KgZrgCl^gBe in 
reactions with EtNH2 nevertheless produced (Zr^Cl ^  2Be)(EtNH2)g. Single crystals 
from the reactions had lattice parameters identical to those of (ZrgGj2^^)(^^^2^6 * 
8CH3CN. Furthermore, the reactions of Li^Zr^Cl^gH with EtNH2 were always carried 
out with additional 15-crown-5, but the hexamine compound formed as well. 
Ternary amines Atten^ts were also made to synthesize clusters substituted with 
temary amines. Reactions of Na^Zr^Cl^gBe with EtMe2N, EtgN or quinuclidine 
(CH(C2H^)3N) in acetonitrile produced partially soluble, orange-red compounds when 
no spherand was present. Addition of 18-crown-6 to reactions of Na^ZrgCl^gBe or 
KgZrgCl^gBe with EtMe2N did not change the formation of an orange solution and 
orange residue. When 2,2,2-crypt was added, completely soluble products and deep 
orange solutions were formed in both reactions of KgZr^Cl^gBe with quinuclidine and 
Na^Zr^Clj^Be with EtMe2N. Cooling of such solutions to -18*C did not give any 
crystallization, and slow evfgwration of the solvent in the former reaction led to a red 
microcrystalline product. 
Other Ligands One reaction using the secondary amine Ph2NH with 
Na^Zr^Qj^Be was carried out. This reaction gave an orange solution and precipitation 
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of a large amount of a light orange microciystalline residue. Slow evaporation of the 
solvent from the decanted solution led to the formation of clear red crystals, characteristic 
of 14-electron cluster compounds. They were too small for X-ray diffraction and thus 
were not analyzed. 
Syntheses of Specific Compounds 
(Ph4P)4(ZrgCligB) • (Ph4P)2(ZrCl5) 
RbgZr^Qj^gB (20 mg, 12 pmol) and PPh^Br (34 mg, 81 pmol) were dissolved in 
acetonitrile (20 ml, 0.7 mol) to give a pale yellow solution. At room temperature, the 
solution remains incomplete for days. Heating to 50"C for 5 hours led to solution of all 
starting material and deposit of a ring of brown powder on the container wall above the 
surface of the solvent. After cooling to room temperature, this deposit was readily 
redissolved and crystallized as black cubic crystals upon slow removal of the solvent 
(yield -30%). 
(Et4P)4(ZrgCIi8C) • 2CH3CN 
KZrgCl^gC (20 mg, 18 ^miol), 2,2,2-ciypt (8 mg, 20 ^tmol) and Et^PQ (107 mg, 
586 pmol) were dissolved in acetonitrile (15 ml, 0.53 mol). The reaction was complete 
after 2 days, producing a light yellow solution and a mixture of equal amounts of a black 
and a light orange microcrystalline residue. After 3 weeks at room temperature a large 
amount of ruby red gems of (Et4P)4(ZrgCljgC) • 2CH3CN (yield -40%) formed in 
addition to the two previously mentioned products. An initial assumption that the second 
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black microcrystalllne product was Zr^Cl^^C could not be confirmed. The powder 
pattern does not match that ofZrgCl^^C, ZrgClj2^> ZrCl, or the starting material. 
(Et^N)^(Zr^CligC) • 2CH3CN [triclinic] 
This reaction was designed to prepare a EtMe2N substituted cluster but produced a 
(Zr^Cl^gC)^' cluster containing material instead. 
KZrgCl^gC (20 mg, 18 |imol), 2,2,2-crypt (7 mg, 19 pmol), EtMe2N (0.5 ml, 
4.6 nunol) and Et^NBr (17 mg, 100 pmol) were dissolved (within one day) in acetonitrile 
(15 ml, 0.53 mol), to form an orange-brown solution and a large amount of a mixture of 
an orange and a black microcrystalline residue. Slow removal of the solvent (6 weeks) 
from the solution led to crystallization of clear red parallelepipeds of (Et^N)^(ZrgCl ^  gC) 
• 2CH3CN (yield-50%). 
(Et4N)4(ZrgCI|gC) • 2CH3CN [monoclinic] 
This reaction was designed to prepare a CH3O' substituted cluster but produced a 
material containing a (Zr^QjgC)^' cluster instead. 
KZr^Cl^gC (20 mg, 18 pmol), 18-crown-6 (36 mg, 140 pmol), NaOCHg (8 mg, 
150 pmol ) and Et^NBr (17 mg, 100 ^ mol) were dissolved (within one day) in 
acetonitrile (25 ml, 0.88 mol) to form a yellow solution and some orange microcrystalline 
residue. Slow removal of the solvent (4 weeks) from the solution, led to crystallization of 
clear red plates of (Et4N)4(ZrgCljgC) • 2CH3CN (yield -25%). 
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(Et4P)4(Zi-6Cll8Fe) • 2CH3CN 
KZrgCl^gFe (20 mg, 17 pmol) and Et^PCl (94 mg, 520 pmol) were dissolved in 
acetonitrile (15 ml, 0.53 mol) under formation of a deep blue solution and crystalline 
residue of the same color. The conversion was complete after one day. Cooling of the 
container to -18°C for 1 week led to complete crystallization of the product (clear to light 
blue solvent) as large, deep blue hexagonal crystals of (Et4P)4(ZrgCljgFe) • 2CH3CN in 
quantitative yield. 
(Et4N)4(Zr5CIi2Fe)Cl3Br3] • 2CH3CN 
Same as (Et4P)4(ZrgCl^gFe) • 2CH3CN using Et4NBr instead of Et4PO. 
A semiquantitative analysis of three single crystals (EDAX) gave the following 
compositions (atomic %), with results normalized to Zr = 6.0: 
Sample 1 Zr = 6.0(3) O = 16.0(2) Br = 3.0(2) 
Sample 2 Zr = 6.0(2) Q = 16.5(2) Br = 2.8(2) 
Sample 3 Zr = 6.0(2) CI = 16.7(2) Br = 2.6(1) 
The errors in parentheses represent 2c. 
(Et4N)4(Zr5CligFe) •2CH3CN 
This reaction was designed to prepare a SCN~ substituted cluster but produced a 
(Zr^CljgFe)^ cluster containing material instead. 
KZr^Clj^Fe (20 mg, 17 funol), 2,2,2-crypt (64 mg, 170 pmol), KSCN (10 mg, 
102 pmol) and Et4NBr (29 mg, 138 ^imol) were dissolved in acetonitrile (15 ml, 526 
mmol) to rapidly form a black solution. After two days the color changed to opaque 
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green. Slow removal of half the solvent over 24 hours led to formation of a few deep 
blue crystals of (Et^N)^(ZrgCl^gFe) • 2CH3CN (yield -5%) and a concentrated dark 
brown solution, which then produced an oil upon complete removal of the solvent. A 
semiquantitative analysis of three single ciystals (EDAX) showed the absence of both 
bromine and sulphur. 
(Et4P)4(Zr5CI|gBe) • 2CH3CN 
KgZr^Cl^gBe (20 mg, 17 pmol), 2,2,2-ciypt (24 mg, 64 pmol) and Et^PCH (101 mg, 
550 }tmol) were dissolved in acetonitrile (15 ml, 0.53 mol) with formation of a deep red 
solution and a crystalline residue of the same color. The conversion was complete after 1 
day. Cooling of the container to -18°C for 1 month led to discoloration of the solvent to 
light pink with quantitative precipitation of the product as large black crystals. 
(Et4N)4(Zr5Cli8Be) • 2CH3CN 
This reaction was designed to prepare a EtMe2N-substituted cluster but produced a 
(ZrgCljgBe)^' cluster containing material instead. 
Na4ZrgCl^gBe (20 mg, 16 pmol), 15-crown-5 (0.5 ml, 2.5 mmol), EtMe2N (0.5 ml, 
4.6 mmol) and Et4Br (11 mg, 66 ^mol) dissolved completely in acetonitrile (20 ml, 
0.70 mol) to form a dark brown solution. The solvent was reduced (to 5 ml), the 
container sealed off and cooled to 5*C. After 5 weeks (Et4N)4(ZrgGjgBe) • 2CH3CN 
crystallized in -10% yield from a deep red solution as black parallelepipeds. 
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(Ph^P)4(Zr^Cl2gBe) # 4py 
KgZrgCl^gBe (20 mg, 17 pmol) and 18-crown-6 (30 mg, 110 ^mol) were dissolved 
in acetonitrile (20 ml, 0.7 mol) forming an orange-brown solution. The solution 
remained incomplete (<50%). Replacement of the acetonitrile with THF (S ml) and 
addition of Ph^PBr (33 mg, 78 pmol) did not give any solution at that point. 
Replacement of the THF with acetone (10 ml) gave a red solution, which discolored 
within minutes to pale violet under precipitation of an uncharacterized red material. The 
acetone was finally replaced with pyridine (15 ml) giving a deep red solution and 
incomplete solution of the residue. The color intensified upon heating (SO^C for 3 hours). 
Slow removal of the pyridine (IS ml over S days) led to formation of black cubic crystals 
(yield -10%). 
(Na-2^,2-crypt)3(PPN)(Zr^CI jgBe) 
This reaction was designed to prepare a PhgP-substituted cluster but produced a 
(ZrgCljgC)^' cluster containing material instead. 
Na^Zr^Cl^gBe (18 mg, 15 pmol), 2,2,2-crypt (23 mg, 61 pmol), PPNCl (38 mg, 
66 pmol) and PhgP (11 mg, 42 pmol) were dissolved completely in acetonitrile (20 ml, 
0.7 mol) forming a dark brown solution. The amount of acetonitrile was reduced (to 
8 ml) and THF (30 ml) added. Exposure of the solution to the atmosphere for-15 
seconds led to an immediate color change from brown to red. Slow removal of the 
solvent led to formation of large black platelets on the container wall above the solution 
(yield-10%). 
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(Zr5CI|2Be)(EtNH2)5 • 8CH3CN 
Na^Zr^QjgBe (20 mg, 16 pmol) and EtNH2 (1.3 ml, 19 ^mol ) were dissolved in 
acetonitrile (10 ml, 0.35 mol) to give a daik orange solution and a white microcrystalline 
residue. The reaction was con^lete after 6 hours. Cooling to 5*C for 2 days produced 
red gems of (Zr^Cl 2Be)(EtNH2)g • 8CH3CN in quantitative yield. 
(ZrgCli2Be)(i.PrNH2)g • 8CH3CN 
Same as (ZrgQj2BeKEtNH2)g • 8CH3CN using i-PrNH2 instead of EtNH2. 
(Zr^CI|2H)(EtNH2)5 • 8CH3CN 
LigZrgCl^gH (20 mg, 16 ^ mol), 15-crown-5 (0.1 ml, 0.5 mmol) and EtNH2 (0.5 ml, 
8 mmol) were dissolved in acetonitrile (10 ml, 0.35 mol) to give a dark yellow solution. 
The reaction was complete after 1 day. Cooling to S^C for 2 days produced red gems of 
(ZrgCl ^  2HXEtNH2)g • 8CH3CN in quantitative yield. 
(Zr5Cli2Be)(Et3P)5 
Na^ZrgCl^gBe (20 mg, 16 ^xnol) and Et3P (0.2 ml, 1 mmol) were dissolved in 
acetonitrile (10 ml, 0.35 mol). The reaction was complete after 6 hours giving 
quantitative conversion of the starting material to a light orange solution and a large 
amount of a bright red microcrystalline precipitate. Heating to 60°C increased the 
amount of dissolved material so that very slow (1 week) cooling to room temperature 
produced diffraction quality single crystals (-30% yield). 
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[(Me3P)3(CH3CN)3Fe](ZrCl5) 
KZrgCl^gFe (20 mg, 17 ^ mol) and MegP (from decomposition of 100.0 mg, 
322 ^mol, MegP • Agi conçlex) were dissolved in acetonitrile (20 ml, 0.7 mol). The 
reaction was complete after-1 minute to give a dark brown solution. Slow removal of 
the solvent (3 days) produced [(Me3P)3(CH3CN)3Fe](2Jrag) as amber crystals in -70% 
yield. 
Methods of Characterization 
Single Crystal X-ray Diffraction 
All structural studies were carried out with data obtained with either a RIGAKU 
AFC6R or ENRAF-NONIUS CAD4 automated four-circle diffractometer, both using 
MoK^ (X^ = 0.71069 Â) radiation monochromated in the incident beam. Both 
commercial instruments used their respective software for instrument control. 
General Crystallographic Procedures Single crystals of the ionic products 
(Table 1) were stable at room temperature for several days and were mounted under 
nitrogen atmosphere into cq)illaries using an especially equipped glovebox. Most 
crystals of neutral clusters (Table 1) contained very weakly bound solvent molecules 
which were lost as soon as the crystals were removed from their mother liquor. In order 
to mount these on a diffractometer, a special technique was employed. The crystals were 
pipetted fix)m the mother liquor under nitrogen (glovebag) in a minimum amount of 
liquid and injected into a 3:1 mixture of mineral oil and Paratone-N [40]. All further 
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manq)ulations were then carried out in the regular atmosphere. Where necessary, crystals 
were separated from any adherent liquid and con^letely immersed in the Paratone/oil 
mixture. The protected crystals are then stable and can be used in X-ray diffraction 
experiments for up to one week, even longer if stored at -18*C. The single ciystals for 
data collection were removed from the oil with a glass fiber, which left a clear, thin, 
protective coating with excellent optical properties on the crystal. This solidifies to a 
glass at -0*C in a stream of cold nitrogen. Caution is necessary after the initial freezing 
of the Paratone/oil mixture when the X-ray measurements are carried out at temperatures 
close to the freezing point of the coating material. In these cases, the oil may not be solid 
enough to prevent movement and recentering of the crystal is necessary. The 
Paratone/oil-method was used for all crystals containing neutral clusters. 
For typical crystals, it took between three to six hours from the opening of a reaction 
container to the beginning of an actual data collection. The crystal quality was checked 
with rotation photographs and peak profile analyses of reflections located by the 
automatic search routine. After indexing the reflections, three axial Polaroid photographs 
were taken to check the lattice parameters and singularity of the crystals. Psi-scan data, 
usually for 3 reflections selected by the automatic psi-scan locator program, were 
collected and an empirical absorption correction was applied [41]. Unless stated 
otherwise, measurement of the intensity standards showed no decay and a correction was 
not necessary. The datasets were measured with 26/(0 scans, except 
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(Ph^P)^(ZrgCl^gBe) # 4py which was measured using (a scans. Reflections were 
considered observed when ^ 3o(I). 
The program packages TEXSAN [42] and SDP [42-45] were used for structure 
solution and least squares refmement [46]. Anisotropic thermal parameters (Ujj) were 
defined by the expression T = exp(-2n^ (a*^Uj jh^ + h*^U22^ + c*^Uggl^ + 
2a*b*U22hk + 2a*c*U|^ghl + 2b*c*U23kl)) and have the units of A^. The equivalent 
isotropic temperature factor is defined as follows: 
Additional definitions used in the least squares refinement of the structures were: 
residual index-
RzzZI IFJ  -  IFç l l  / I IF QI  
Rw = I2w( IPgl - IFgl )2 / Zw Fg 2]l/2 ; ^  F^ ). 
More information on the quality of the refined model is provided with the 
goodness-of-fit (TEXSAN)-
S = L ((IFqI - IFgl) / op / (Nobs " ^ parameters). 
or the quality-of-fit indicator (SDP)-
S.[Iw(IF„l - IFcD^/CNobs-Nparameters»"^-
The quality of a refined model generally can be assessed by the magnitude of 
R values. Luger [47] lists an R < 10% for anisotropic refinement of organic crystals and 
location of hydrogens as acceptable value, with the final R {^proximately 2-5% for 
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refinement of all parameters. Another good indication for a correct solution are the errors 
in the bond distances. According to Jacobson [48], standard deviations in heavy-heavy 
distances should be -0.001Â, for heavy-light distances -0.005Â, and for light-light 
distances -0.009Â. They will however depend greatly on the precision of the lattice 
parameter measurement and thus, e.g., the quality of the instrument alignment. The 
refined models rqwrted in this dissertation usually either meet or surpass this 
requirement (see also: Data Collection and Stracture Solution, (Et^N)^(ZrgCl ^  gC) • 
2CH3CN [triclinic]) and if not, possible reasons for this will be discussed. For 
comparison, the range in magnitude of errors for the structures reported in this 
dissertation is very similar to those for the stracture determinations of the starting 
materials, which were obtained with lattice parameters from powder diffraction data 
using internal standards for highest precision [5]. Since all examined single crystals 
consisted of discreet components, a partial occupancy of the non-solvent atoms is highly 
unlikely. Therefore, final difference Fourier mq)s with residual peaks ^ 1 e/Â^ indicated 
that the ciystallographically determined compositions were accurate to at least 2.5% for 
Zr, 5.8% for CI, 6.7% for P and 17% for N and C. Overall, there can be little doubt, that 
the compositions, as determined by X-fay crystallography, are at least as accurate as 
compositions determined by elemental analysis. 
Stractural drawings were produced with the program ORTEP [49]. Tables with 
positional parameters and isotropic and anisotropic thermal parameters for all structures 
can be found in the APPENDIX section of this dissertation. Tables with angles. 
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inteimolecular distances, torsion angles and calculated vs observed structure factors are 
not included but are available upon request. 
Materials with the general composition (Et^Y)^[(ZrgCl22^)^3^3] * 2CH3CN 
[Y = P,N] crystallized in either of three structure types, dependent on the relative size of 
the ions and, since (Et^N)^(ZrgCl ^  gC) • 2CH3CN crystallizes in two different 
spacegroups, on the specific crystallization conditions. Table 2 gives a summary of the 
lattice parameters for these compounds. A comparison shows that the volume of the unit 
cell increases with increase of either cation (P or N) or interstitial atom size. The marked 
increase in the volume from (Et^N)^(Zrga^gFe) • 2CH3CN to 
(Et^N)^[(Zr^Cl 2 2F0)d3Br3] • 2CH3CN is additional evidence for bromide substitution 
in the latter. 
Similarly, the compounds of the general stoichiometiy (ZrgClj2^X^^2^6 * 
8CH3CN are also isostructural (Table 3). The ligand size increase from EtNH2 to 
i-PrNH2 did not reduce the number of incorporated solvent molecules. 
SEM Studies 
Elemental analyses of (Et^P)^[(ZrgCl22^*)^3^''^3] * 2CH3CN and 
(Et^P)^(Zr^Cl2gFe) • 2CH3CN were obtained using a JEOL JSM-840 scanning electron 
microscope and KEVEX EDX system. Samples were single crystals attached to a 
molybdenum metal base with conducting silver-epoxy glue. 
34 
Cyclovoltammetry 
Separate solutions of-1 x 10"^ M Rb^Zr^QjgB plus 1.3 x 10"^ M 2,2,2-crypt and 
of "5 X 10"^ M (Zrgaj2B®)(i-P'NH2^6 ® acetonitrile, each with 0.1 M Et^NPFg, were 
prepared freshly in a modified two-arm reaction container. Due to limited solubilities of 
the products, their respective exact concentrations were not known. The working, 
auxiliary and reference electrodes consisted of a platinum wire, platinum foil (0.5 mm x 
0.5 mm) and silver wire and were incorporated into the container with glass-to-metal 
seals. Cydovoltammograms were recorded with an EG&G PARC Model 273 
Potentiostat / Galvanostat. All cydovoltammograms were recorded with a silver wire 
"pseudo-Ag" electrode as reference, which has a standard potential in aqueous solution of 
E® = 0.800 V (Ag® = Ag"*" + e"). Since the electrode is not in equilibrium with IM Ag"*" 
and the solvent is acetonitrile the reference potential will deviate from the above ideal 
value [50-52]. All cydovoltammograms were recorded in the range from -0.2V to 0.5V 
vs "pseudo-Ag", which was experimentally determined, with a "blank" 0.1 M solution of 
Et^NPF^ in acetonitrile, to be the range in which the solvent itself does not undergo any 
redox reactions. All scans were started at zero current and approximately +200mV with 
the initial scan direction towards positive (oxidation) potential. 
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Data Collection and Structure Solution 
(Et4N)4(Zr5Cli8C) • 2CH3CN [triclinic] 
The crystals selected from this reaction were transparent red plates of excellent 
quality and size. One crystal in a cqxillary was mounted on the Rigaku AFC6R and 25 
reflections in the range of 25" ^ 26 ^ 35** were selected and refined using the automatic 
search routine. Using DELAUNAY [53,54], the initial triclinic cell was converted to the 
standard setting with the constants a = 12.585(3)Â, b = 13.095(2)À, c ~ 12.387(3)Â, 
a =s 93.38(2)', p = 105.26(2)', y = 118.45(1)". One hemisphere (h, ±k, ±1) of reflections, 
up to 55" in 26, was collected (Table 4). Statistical tests indicated a centrosymmetric 
space group, thus P-1 (no. 2) was selected. Statistical methods are the usual means to 
obtain an initial model for further least squares refinement, but the program available in 
the TEXSAN package (Mithril) [55] nevertheless did not yield a chemically reasonable 
model. A woikable starting model was obtained by using another facility in the same 
package called DIRDIF [56-60], a program that allows the user to input the coordinates 
of a known fragment. The program then searches the Patterson mq> for this fragment. 
Using this option, the cluster atoms were all located immediately. Following least 
squares refinement of these and calculation of difference Fourier m^s, the atoms of two 
Et^N^ and one CHgC^N fragments were located. The refinement of Zr and CI 
anisotropically and the remaining non-hydrogen atoms isotropically (without H) gave 
discrepancy factors of R s 4.3% and R^ = 7.0%. All atoms then were refined 
anisotropically with the positions of the missing H atoms (except CH3CN) calculated and 
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Table 4. Crystal Data for (Et^N)^(Zr^CI^gC) • 2CH3CN [triclinic] 
formula 
formula weight 1800.60 
space group P-1 (no.2) 
a, A 12.585(3) 
b, A 13.095(2) 
c,A 12.387(3) 
a, deg. 93.38(2) 
P.deg. 105.26(2) 
Y. deg. 118.45(1) 
V,A3 1690.2(7) 
Z 1 
1.77 
crystal size, mm 0.5 X 0.5 X 0.25 
H(MoKg(), cm"^ 16.08 
data collection instrument RIOAKU AFC6R 
ten^rature, "C 23 
orientation reflections, 
number, range (26), deg. 25,25 - 35 
octants measured h,±k,±l 
data collection range, 20, deg. 2-55 
no. refl. measured 8110 
no. unique data, total 7756 1 V 4 6249 
no. parameters refîned 464 
trans, factors, max., min.. 1.000,0.827 
R 0.028 
0.041 
goodness of fit indicator 1.25 
largest shiA/esd, final cycle <0.01 
max. peaks in final (Ap), e/Â? 0.73 (-0.67) 
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their positions and isotropic thermal parameters refined (APPENDIX A). Figure 2 shows 
an ORTEP drawing of a (ZrgCl^gZ)^" cluster and the atom labelling system used 
throughout this dissertation. Selected bond distances are listed in Table S. The fmal 
discrepancy factors were R = 2.8%, R^ = 4.1% (Table 4). 
A comparison of models with the structure refined with H atoms as opposed to that 
without H atoms and with C and N atoms isotropically refined showed that the distances 
and angles within the cluster were the same within la in both cases. 
(Et4N)4(Zr<jCIi8Be) • 2CH3CN 
The crystals selected from this reaction were black gems with well defined faces. 
One crystal in a capillary was mounted on the Rigaku AFC6R, and 25 reflections in the 
range of 25* ^ 20 ^  35° were selected and refined using the automatic search routine. 
DELAUNAY converted the initial triclinic cell to the standard setting with the constants 
a = 12.655(4)A, b = 13.169(4)A, c = 12.419(3)A, a = 93.63(2)*, p = 105.28(2)*, 
Y = 118.40(1)*. One hemisphere (h, die, ±1) of reflections in the range 0* ^ 20 ^ 65* was 
collected (Table 6). Based on Laue symmetry and intensity statistics, the 
centrosymmetric space group P-i (no. 2) was chosen for the subsequent structure solution 
and least squares refinement. Statistical methods are the usual means of obtaining an 
initial model for further least squares refinement, but by this time the structure of 
(Et4N)4(ZrgCljgC) • 2CH3CN [triclinic] had been solved. It was quite clear from the 
reagents that the present cluster had a different interstitial atom. Since the lattice 
parameters were very close to the earlier ones, the structural solution for both had to be 
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Clio 
CI20' 
CI20 
Clio* 
Figure 2. ORTEP drawing of a (ZrgCljgZ)^' cluster represented by (Zr^CljgBe)^" 
(70% thermal ellipsoids) showing the atom labelling scheme for 
(Et4Y)4[(Zrga22Z)Clg] • 2CH3CN [Y = N,P] compounds used 
throughout the dissertation. The solid lines represent the bonds 
within the ZrgZ cluster core 
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Table 5. Selected Bond Distances in (Et^N)^(ZrgCl^gC) • 2CH3CN [triclinic]^ 
atom atom distance atom atom distance 
Zr-C Zr-a® 
Zr(l) C(00) 2.2982(3) Zr(l) Cl(lO) 2.5951(7) 
Zr(2) C(00) 2.2996(3) Zr(2) Cl(20) 2.6025(7) 
Zr(3) C(00) 2.2916(3) Zr(3) Cl(30) 2.5943(7) 
average 2.2965 average 2.5973 
Zr-Zr Zr-a* 
Zr(l) Zr(2) 3.2471(4) Zr(l) Cl(21) 2.5415(8) 
Zr(l) Zr(2) 3.2551(4) Zr(l) Cl(12) 2.5523(8) 
Zr(l) Zr(3) 3.2444(4) Zr(l) Cl(31) 2.5400(8) 
Zr(l) Zr(3) 3.2464(4) Zr(l) Cl(13) 2.5365(8) 
Zr(2) Zr(3) 3.2463(4) Zr(2) Cl(21) 2.5307(7) 
Zr(2) Zr(3) 3.2466(3) Zr(2) Cl(12) 2.5431(8) 
average 3.2477 Zr(2) Cl(23) 2.5397(8) 
Zr(2) Cl(32) 2.5333(8) 
Zr(3) Cl(23) 2.5457(8) 
Zr(3) Cl(32) 2.5319(8) 
Zr(3) Cl(31) 2.5399(8) 
Zr(3) Cl(13) 2.5392(8) 
average 2.5395 
^ Distances are in A. Estimated standard deviations in the least significant figure 
given in parentheses. All distances are present twice per cluster. 
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Table 6. Crystal Data for (Et^N)^(ZrgCI;gBe) • 2CH3CN 
formula 
formula weight 1797.6 
space group P-1 (no.2) 
a, À 12.655(4) 
b,A 13.169(4) 
c, A 12.419(3) 
a, deg. 93.63(2) 
p. deg. 105.28(2) 
Y, deg. 118.40(1) 
V,Â3 1712(2) 
Z 1 
dcalc'8^®"^ 1.74 
ciystal size, mm 0.5 X 0.5 X 0.1 
H(MoKQf), cm"^ 16.07 
data collection instrument RIGAKUAFC6 
temperature, X 23 
orientation reflections. 
number, range (29), deg. 25,25 - 35 
octants measured h, ± k, ± 1 
data collection range, 20, deg. 2-65 
no. refl. measured 12874 
no. unique data, total 12144 
withFo2>3o(Fo2) 7299 
no. parameters refined 444 
trans, factors, max., min.. 1.000,0.747 
R 0.037 
0.045 
goodness of At indicator 1.14 
largest shiA/esd, final cycle 0.05 
max. peaks in final (Ap), e/Â^ 1.18 (-0.66) 
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similar, and the previous heavy atom positions for the carbide were used as a starting 
model. After initial refinement of the Zr and CI atoms, subsequent difference Fourier and 
least squares refinement cycles led to the location of two Et^N^ and one CH3CN units. 
Finally, all atoms except the Interstitial atom and the solvent molecule were refined 
anisotropically with calculated hydrogen atoms included but not refined (APPENDIX B). 
Selected bond distances are listed in Table 7. The final discrepancy factors were 
R = 3.7% and = 4.5% (Table 6). 
(Et^N)^(Zr(;Cl^gC) * 2CH3CN [monoclinic] 
The crystals from this reaction were transparent red plates of very good quality and 
size. One crystal in a cfq)illaiy was mounted on the CAD4, and 25 reflections in the 
range of 15** ^ 26 35* were selected and refined using the automatic search routine. 
Using TRACER, the initial cell was converted to a monoclinic cell with the constants 
a = 13.133(2)A, b = 13.282(2)A, c = 20.475(4)A, p = 103.72(2)°. Data collection of one 
hemisphere of reflections (h, ±k, ±1) up to 45* in 29 was carried out (Table 8). The 
measurement of the intensity standards showed that a 12.0% decay occurred during the 
data collection and a linear least squares correction for decay was therefore ^plied to the 
dataset. Based on systematic absences and intensity statistics, the space group P22/h was 
chosen. An initial model for the structural solution was obtained using the direct methods 
option (SHELXS86) of the SDP program package. This model indicated the presence of 
a (ZrgCl^gCy^" cluster. The atoms of the cluster were refined with least squares cycles, 
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Table 7. Selected Bond Distances in (Et^N)^(ZrgCI%gBe) • ICHjCN^ 
atom atom distance atom atom distance 
Zr-Be Zr-a® 
Zr(l) Be 2.4063(8) Zr(l) Cl(lO) 2.567(1) 
Zr(2) Be 2.407(1) Zr(2) Cl(20) 2.570(2) 
Zr(3) Be 2.3974(8) Zr(3) Cl(30) 2.567(1) 
average 2.404 average 2.568 
Zr-Zr Zr-Q: 
Zr(l) Zr(2) 3.392(1) Zr(l) Cl(21) 2.562(2) 
Zr(l) Zr(2) 3.414(2) Zr(l) Cl(12) 2.579(2) 
Zr(l) Zr(3) 3.391(1) Zr(l) Cl(31) 2.562(1) 
Zr(l) Zr(3) 3.403(1) Zr(l) Cl(13) 2.557(1) 
Zr(2) Zr(3) 3.397(2) Zr(2) Cl(21) 2.553(1) 
Zr(2) Zr(3) 3.3971(9) Zr(2) Cl(12) 2.564(1) 
average 3.399 Zr(2) Cl(23) 2.562(1) 
Zr(2) Cl(32) 2.555(1) 
Zr(3) Cl(23) 2.569(2) 
Zr(3) Cl(32) 2.553(2) 
Zr(3) Cl(31) 2.565(1) 
Zr(3) Cl(13) 2.561(1) 
average 2.562 
^ All distances are present twice per cluster. 
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Table 8. Crystal Data for (Et^N)^(ZrgCI)gC) • 2CH3CN [monoclinic] 
formula CsyHgaCllgNgZrg 
formula weight 1800.60 
space group P2j/n (no. 14, setting 2) 
a, A 13.133(2) 
b, A 13.282(2) 
c,A 20.475(4) 
P, deg. 103.72(2) 
V,A3 3470(2) 
Z 2 
dcalc S/cra? 1.72 
ciystal size, mm 0.3 X 0.3 X 0.5 
H(MoKjjf), cm'^ 15.86 
data collection instrument ENRAF-NONIUS CAD 4 
ten^rature, °C 25 
orientation reflections, 
number, range (29), deg. 25,15 - 35 
octants measured h, ± k, ± 1 
data collection range, 26, deg. 2-50 
no. red. measured 12426 
no. unique data, total 6216 
withFo2>3o(Fo2) 2503 
no. parameters refined 199 
trans, factors, max., min.. 1.000,0.761 
R 0.046 
0.058 
goodness of fit indicator 1.40 
largest shift/esd, final cycle <0.01 
max. peaks in final (Ap), e/A^ 0.82 (-0.57) 
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and the two Et^N^ cations were located from difference Fourier maps in subsequent 
steps. 
At this point, the partially refined model indicated that the composition of this crystal 
was close to or identical to that of (Et^N)^(ZrgCl^gC) • 2CH3CN [triclinic] (below). In 
order to check whether one of the crystals had accidentally been indexed incorrectly, the 
refinement was stopped, and the crystal mounted onto the Rigaku AFC6R. Indexing of 
25 reflections located with the search routine again gave the monoclinic ceil, and all 
attempts to index them with the triclinic cell failed. Since the reverse test was later 
carried out with the crystal from (Et^N)^(Zr^Cl jgC) • 2CH3CN [triclinic], one has to 
assume that the differences are real, and we do have indeed two different space groups for 
the same compound. The raw dataset from the CAD4 then was read directly into the 
TEXSAN structure solution package, and the refinement of this stracture completed 
(APPENDIX C). Selected bond distances arc listed in Table 9. The final discrepancy 
factors are R = 4.6%, Rw = 5.8% (Table 8). 
(Et4N)4(Zr<jCIi8Fe) • 2CH3CN 
One of several well shaped black gems was mounted on a RIGAKU AFC6R 
diAactometer, and 25 reflections in the range of 12.5° ^ 26 16° were selected and 
refined with the automatic search routine. The initial cell was converted, using 
DELAUNAY, to a monoclinic cell with the constants a = 13.177(5)Â, b = 13.345(2)A, 
c = 20.612(5)Â, p = 103.76(2)°. A data collection of one hemisphere of reflections 
(h, ±k, dd) up to 50° in 26 was carried out (Table 10). Based on systematic absences and 
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Table 9. Selected Bond Distances in (Et^N)^(ZrgCI]^gC) • 2CH3CN [monoclinic]^ 
atom atom distance atom atom distance 
Zr-C Zr Cl» 
Zr(l) C(99) 2.291(1) Zr(l) Cl(lO) 2.596(3) 
Zr(2) C(99) 2.300(1) Zr(2) Cl(20) 2.580(4) 
Zr(3) C(99) 2.294(1) Zr(3) Cl(30) 2.583(3) 
average 2.295 average 2.586 
Zr-Zr Zr-a^ 
Zr(l) Zr(2) 3.239(2) Zr(l) Cl(12) 2.528(4) 
Zr(l) Zr(2) 3.253(2) Zr(l) Cl(13) 2.539(3) 
Zr(l) Zr(3) 3.239(2) Zr(l) Cl(21) 2.532(4) 
Zr(l) Zr(3) 3.244(2) Zr(l) Cl(31) 2.537(3) 
Zr(2) Zr(3) 3.248(2) Zr(2) Cl(12) 2.527(3) 
Zr(2) Zr(3) 3.248(2) Zr(2) Cl(23) 2.523(4) 
average 3.245 Zr(2) Cl(21) 2.538(3) 
Zr(2) Cl(32) 2.542(3) 
Zr(3) Cl(13) 2.535(3) 
Zr(3) Cl(23) 2.520(4) 
Zr(3) Cl(31) 2.539(3) 
Zr(3) Cl(32) 2.542(4) 
average 2.533 
^ All distances are present twice per cluster. 
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Table 10. Crystal Data for (Et^N)^(ZrgCljgFe) • 2CH3CN 
formula ^36"86^^18^®N6^6 
formula weight 1844.44 
space group P2j/n (no. 14, setting 2) 
a, A 13.177(5) 
b, A 13.345(2) 
c,A 20.612(5) 
p, deg. 103.76(2) 
V,A3 3521(3) 
Z 2 
dcalc'8^""^ 1.74 
crystal size, mm 0.5 X 0.5 X 0.3 
H(MOKQJ), cm"^ 17.46 
data collection instrument RIGAKUAFC6R 
ten^rature, *C 23 
orientation reflections, 
number, range (26), deg. 25,12.5 -16.0 
octants measured h ,±k ,± l  
data collection range, 20, deg. 2 -50  
no. refl. measured 12045 
no. unique data, total 6209 
withFo2>3o(Fo2) 2438 
no. parameters refined 233 
trans, factors, max., min.. 1.000,0.842 
R 0.041 
0.048 
goodness of fit indicator 1.42 
largest shiA/esd, final cycle <0.01 
max. peaks in final (Ap), e/A^ 0.80 (-0.53) 
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intensity statistics, the space group P2^/n was chosen, and the dataset averaged. An 
initial model for refinement, the Zr^Clj2 cluster core, was obtained using the direct 
methods (MTTHRIL). In subsequent, alternating least squares refinements and 
calculations of difference Fourier m{q)s, first all 13 atoms of a Zr^Cl jgFe cluster (the 
remaining 12 atoms being generated by an inversion center) and then 18 N and C atoms 
of two Et^N cations were located and refîned. Next the atoms of an acetonitrile molecule 
were located and refîned. Finally, the calculated positions of the hydrogen atoms of the 
cations were included (but not refined), and all atoms (Zr, CI and Fe anisotropic, all 
others isotropic) were refined until the maximum shift dropped below 0.01 of the esd 
(APPENDIX D). Selected bond distances are listed in Table 11. The final discrepancy 
factors were R = 4.1%, = 4.8% (Table 10). 
(Et4N)4[(Zr5CIi2Fe)a3Br3] • 2CH3CN 
The crystals selected from this reaction were black (daik blue) hexagonal plates. 
One crystal in a capillary was mounted on the Rigaku AFC6R, and 25 reflections were 
located with the automatic search routine. They were indexed to a monoclinic cell very 
similar to the one from reaction (Et4N)4(ZrgCl jgC) • 2CH3CN [monoclinic] (Table 8), 
with lattice parameters: a = 13.379(5)A, b = 13.564(3)A, c = 20.714(7)A, a = 90.00(2)", 
P = 104.25(3)®, Y= 90.01(2)", V = 3643À^. The crystal did not diffract as well as the 
ones from either (Et4N)4(ZrgCl^gBe) • 2CH3CN or (Et4N)4(ZrgCljgC) • 2CH3CN 
[triclinic], but 40% of the reflections were observed in the hemisphere (h, ±k, ±1; 
26 = 2-50") (Table 12). Use of statistical methods and the systematic absences led to 
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Table 11. Selected Bond Distances in (Et^N)^(ZrgCI;gFe) • ZCHjCN^ 
atom atom distance atom atom distance 
Zr-Fe Zr-Cl® 
Fe Zr(l) 2.434(1) Zr(l) Cl(lO) 2.568(4) 
Fe Zr(2) 2.443(2) Zr(2) Cl(20) 2.563(4) 
Fe Zr(3) 2.434(1) Zr(3) CI(30) 2.580(4) 
average 2.437 average 2.570 
Zr-Zr Zr-a^ 
Zr(l) Zr(2) 3.446(2) Zr(l) Cl(12) 2.569(4) 
Zr(l) Zr(2) 3.452(2) Zr(l) Ci(13) 2.570(4) 
Zr(l) Zr(3) 3.447(2) Zr(l) Cl(21) 2.557(4) 
Zr(l) Zr(3) 3.438(2) Zr(l) Cl(31) 2.570(3) 
Zr(2) Zr(3) 3.442(2) Zr(2) Cl(12) 2.575(4) 
Zr(2) Zr(3) 3.456(2) Zr(2) Cl(23) 2.566(3) 
average 3.447 Zr(2) Cl(21) 2.550(4) 
Zr(2) Cl(32) 2.573(4) 
Zr(3) Cl(13) 2.566(4) 
Zr(3) Cl(23) 2.552(4) 
Zr(3) Cl(31) 2.571(4) 
Zr(3) Cl(32) 2.562(4) 
average 2.565 
^ All distances are present twice per cluster. 
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Table 12. Crystal Data for (Et4N)^[(Zr(;C^2Fe)Cl3Brg] # 2CH3CN 
formula CseHgeBfgCligFeNgZrg 
formula weight 1977.79 
space group P2i/n (no. 14, setting 2) 
a, A 13.379(5) 
b, A 13.564(3) 
c, A 20.714(7) 
P, deg. 104.25(3) 
v,A3 3643(4) 
Z 2 
(Icalc 8/*"^ 1.80 
crystal size, mm 0.5 X 0.5 X 0.3 
|i(MoK(%), cm"^ 33.20 
data collection instrument RIGAKU AFC6R 
ten^rature, *C 23 
orientation reflections, 
number, range (26), deg. 25,15 - 20 
octants measured h,±k,±l 
data collection range, 26, deg. 2-50 
no. refl. measured 13035 
no. unique data, total 6723 
withFo2>3o(Fo2) 2546 
no. parameters refined 199 
trans, factors, max., min.. 1.000,0.534 
R 0.052 
0.069 
goodness of fit indicator 1.74 
largest shiA/esd, final cycle <0.01 
max. peaks in final (Ap), e/A^ 1.04 (-0.63) 
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choice of space group P2^/n. Since the lattice parameters were very close to those of 
(Et^N)^(ZrgCl^gC) • 2CH3CN [monoclinic] and the space group was the same, those 
cluster atom positions were used as a starting model for the structural solution 
(APPENDIX C). The positional parameters refined well, but the B(iso) for the three 
terminal halides refined to very small values (< 1.0). Location of further atoms was 
difficult since most of the peaks in difference m{q>s turned out to be satellites close to the 
atoms ahready in the model. Eventually 2 N and 8 C atoms (two tetrahedra) were located. 
At this point the refinement stalled. Examination of a Fourier miq> showed that the 
peaks for the terminal halide atoms were considerably larger than the ones for the 
bridging halides. Since bromide had been present in the reaction mixture, the terminal 
chlorine atoms were all replaced by bromine atoms. The least squares refinement then 
led to isotropic themial parameters for these atoms that were unusually large (B(iso) for 
Cl^ = 4.0-4.5 and for Br^ = 7.0). The atomic positions for the terminal halides were then 
split (50% Br and 50% CI) and the parameters for equivalent atoms refined with the 
restriction that they be equal. This time the B(iso) values were in a reasonable range. 
Subsequent refinement of the occupancies of the terminal halide ligands, constraining the 
total occupancies of atoms in the same position to unity, led to an increase in the partial 
Br occupancy for each terminal ligand (Br : CI = 2: 1) but also to a proportional increase 
in their isotropic thermal parameters (below). 
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occupancy occupancy 
fixed refined 
B(iso) Br a B(iso) Br CI 
Br/Cl(10) 4.2 0.5 0.5 4.8 0.63 0.37 
Br/Cl(20) 4.5 0.5 0.5 5.9 0.74 0.26 
Br/Cl(30) 5.1 0.5 0.5 5.5 0.58 0.42 
Due to this coupling, a meaningful refinement of the relative occupancies was not 
possible. Crystals from the reaction that produced the data collection crystal were not 
available for SEM studies. Nevertheless, a semiquantitative EDAX analysis of crystals 
from a later reaction of KZr^Cl^^Fe with a large excess of Et^NBr indicated that here too 
the Br to CI ratio was proximately 3:15 (see: Syntheses of Specific Compounds). The 
occupancies were then fixed to 50% each and the refinement completed. The location 
and refinement of the remaining 8 carbon atoms for the two Et^N^ cations and of the 
acetonitrile molecule then proceeded without problems. Anisotropic refinement of all 
heavy atoms plus isotropic refinement of all N and C atoms (APPENDIX E) gave values 
of R s 5.2% and = 6.9% (Table 12). At this point the dii^erence map did not show 
any more atoms. The highest peaks present were less than 1.1 e/A^ and close to atoms 
already refined, so the CI/Br assignation was correct. Selected bond distances are listed 
in Table 13. 
In order to check the validity of the model, the following tests were carried out. To 
check the centricity of the stracture, the dataset was averaged in the two possible acentric 
monoclinic space groups of lower symmetry, P2^ (no. 4) and Pc (no. 7). Initial models 
for both were then calculated using the (Zr^Cl j2Fe)^' cluster core as input fragment 
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Table 13. Selected Bond Distances in (Et^N)^[(ZrgCln2Fe)CljBrj] • 2CH3CN® 
atom atom distance atom atom distance 
Zr-Fe Zr-Br(Cl)® 
Zr(l) Fe 2.439(2) Zr(l) Br(10) 2.713(3) 
Zr(2) Fe 2.448(2) Zr(2) Br(20) 2.700(3) 
Zr(3) Fe 2.443(2) Zr(3) Br(30) 2.689(3) 
average 2.443) average 2.701 
Zr-Zr Zr-a* 
Zr(l) Zr(2) 3.446(2) Zr(l) Cl(12) 2.560(4) 
Zr(l) Zr(2) 3.464(2) Zr(l) Cl(13) 2.573(4) 
Zr(l) Zr(3) 3.447(2) Zr(l) Cl(21) 2.576(4) 
Zr(l) Zr(3) 3.457(2) Zrd) Cl(31) 2.591(4) 
Zr(2) Zr(3) 3.458(2) Zr(2) Cl(12) 2.573(4) 
Zr(2) Zr(3) 3.459(2) Zr(2) CI(23) 2.572(4) 
average 3.455 Zr(2) Cl(21) 2.581(4) 
Zr(2) Cl(32) 2.586(4) 
Zr(3) Cl(13) 2.581(4) 
Zr(3) Cl(23) 2.560(4) 
Zr(3) Cl(31) 2.585(4) 
Zr(3) Cl(32) 2.585(4) 
average 2,577 
^ All distances are present twice per cluster. 
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(MTTHRIL), Fourier maps were calculated, and the heights of the six peaks obtained in 
the terminal positions were compared with the peaks for the bridging halides. For both 
acentric space groups, all six peaks were approximately equal in height and again 
considerably higher than the peaks for the bridging halides. Tliis indicates that indeed the 
centric model is correct and that the terminal CI /Br" ligands are randomly distributed. 
(Et4P)4(Zr5CI|gBe) • 2CH3CN 
The crystals selected were dark red gems with well defined faces. One crystal in a 
c^illary was mounted on the Rigaku AFC6R, and 25 reflections in the range of 
18° ^ 20 ^  22" were selected and refined using the automatic search routine. Using 
DELAUNAY, the initial triclinic cell was converted to the standard setting with the 
constants a = 12.732(5)A, b = 13.435(6)A, c = 12.657(5)Â, a = 100.13(3)°, 
P = 110.89(3)°, Y = 63.15(3)°. One hemisphere (h, ±k, ±1) of reflections in the range 
0° ^ 20 ^  55° was collected (Table 14). Based on Laue symmetry and intensity statistics, 
the centrosymmetric space group P-1 (no. 2) was chosen for the subsequent structure 
solution and least squares refinement. An initial model for the refinement containing the 
cluster core was obtained using the direct methods (MTTHRIL). In 
subsequent, alternating least squares refinements and calculations of difference Fourier 
maps, first all 13 atoms of a Zr^Q jgFe cluster (the remaining 12 atoms were generated 
by an inversion center) and then 2 P and 12 C atoms of two Et^P"*" cations were located 
and refined. The atoms of one of the cations refined without problem, but the second 
cation appeared to be disordered and as a result the atomic thermal parameters of this 
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Table 14. Crystal Data for (Et4P)4(Zr(;Cl2gBe) • 2CH3CN 
formula 
formula weight 1865.47 
space group P-1 (no.2) 
a, A 12.732(5) 
b, A 13.435(6) 
c, A 12.657(5) 
a, deg. 100.13(3) 
P, deg. 110.89(3) 
Y.deg- 63.15(3) 
V.A^ 1804(3) 
Z 1 
dcalc 1.72 
crystal size, mm 0.5 X 0.5 X 0.2 
|X(MoK^), cm'^ 16.11 
data collection instrument RIGAKUAFC6R 
ten^rature, "C 23 
orientation reflections, 
number, range (20), deg. 25,18 - 22 
octants measured h,±k,±l 
data collection range, 26, deg. 2-55 
no. refl. measured 8716 
no. unique data, total 8338 
withFo2>3o(Fo2) 3889 
no. parameters refined 204 
trans, factors, max., min.. 1.000,0.853 
R 0.065 
0.089 
goodness of fit indicator 1.90 
largest shift/esd, final cycle <0.01 
max. peaks in final (Ap), e/A^ 1.35 (-0.95) 
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cation were substantially larger than the ones for the other. This problem nevertheless 
did not affect the positions of the cluster atoms (APPENDIX F), and the bond distances 
(Table 15) and angles in the cluster remained within 3o throughout the final refinement 
cycles and the errors on the positional parameters of the heawy atoms are comparable to 
other structures. With the exception of the cluster interstitial and the carbon atoms on the 
disordered cation, all atoms were refined anisotropically. The Aial discrepancy factors 
were R = 6.6% and = 8.9% (Table 14). 
(Et4P)4(ZrgCligFe) • 2CH3CN 
The crystals selected were black (deep blue) gems with well defmed faces. One 
crystal in a ciq>illary was mounted on the Rigaku AFC6R and 25 reflections in the range 
of 15° ^ 26 ^ 35* were selected and refined with the automatic search routine. Using 
DELAUNAY, the initial triclinic cell was converted to that in the standard setting with 
a = 12.769(2)A, b = 13.485(2)A, c = 12.699(3)A, a = 100.19(2)°, p = 100.89(2)°, 
Y = 63.05(2)°. One hemisphere (h, ±k, ±1) of reflections in the range 0° 26 ^ 50° was 
collected (Table 16). Based on Laue symmetry and intensity statistics, the 
centrosymmetric space group P-1 (no. 2) was chosen for the subsequent structure solution 
and least squares refinement. A starting model for the refinement, the Zt^Cli2^c cluster 
core, was obtained using the direct methods (MTTHRIL). In subsequent, alternating least 
squares refinements and calculations of difference Fourier maps, first all 13 atoms of a 
Zr6Cli8Fe cluster (the remaining 12 atoms were generated by an inversion center) and 
then 2 P and 12 C atoms of two Et^P"*" cations were located and refined. Then the four 
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Table 15. Selected Bond Distances in (Et^P)^(ZrgCI^gBe) • 2CHgCN^ 
atom atom distance atom atom distance 
Zr-Be Zr-a® 
Zr(l) Be 2.418(2) Zr(l) Cl(lO) 2.539(4) 
Zr(2) Be 2.401(2) Zr(2) Cl(20) 2.549(4) 
Zr(3) Be 2.417(2) Zr(3) Cl(30) 2.565(4) 
average 2.412 average 2.551 
Zr-Zr Zr-a^ 
Zr(l) Zr(2) 3.405(3) Zr(l) Cl(12) 2.540(4) 
Zr(l) Zr(2) 3.409(2) Zr(l) Cl(13) 2.560(4) 
Zr(l) Zr(3) 3.427(3) Zr(l) Cl(21) 2.555(4) 
Zr(l) Zr(3) 3.410(2) Zr(l) Cl(31) 2.556(4) 
Zr(2) Zr(3) 3.408(2) Zr(2) Cl(12) 2.560(4) 
Zr(2) Zr(3) 3.405(2) Zr(2) Cl(23) 2.564(4) 
average 3.411 Zr(2) €1(21) 2.558(4) 
Zr(2) Cl(32) 2.555(4) 
Zr(3) Cl(13) 2.552(4) 
Zr(3) Cl(23) 2.549(4) 
Zr(3) Cl(31) 2.559(4) 
Zr(3) €1(32) 2.549(4) 
average 2.555 
^ All distances are present twice per cluster. 
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Table 16. Crystal Data for (Et^P)^(Zr^CI)gFe) • 2CH3CN 
formula Zr6FeCljgP^N2CggHg^ 
formula weight 1912.31 
space group P-1 (no.2) 
a, A 12.769(2) 
b, A 13.485(2) 
c,A 12.699(3) 
a, deg. 100.19(2) 
P, deg. 110.89(2) 
Y, deg. 63.05(2) 
v,A3 1821(2) 
Z 1 
dcalc'«/cm^ 1.74 
ciystal size, mm 0.5 X 0.5 X 0.3 
^l(MoKg^), cm"^ 17.88 
data collection instrument Enraf nonius CAD4 
tenq)erature, ®C 23 
orientation reflections, 
number, range (20), deg. 25,15-35 
octants measured h, ± k, ± 1 
data collection range, 20, deg. 2-50 
no. refl. measured 6738 
no. unique data, total 6376 
TvW, Fq/Z > 3(,(F(,2) 3921 
no. parameters refined 209 
trans, factors, max., min., 1.000,0.741 
R 0.044 
0.065 
goodness of fit indicator 1.73 
largest shift/esd, final cycle <0.01 
max. peaks in final (Ap), e/A^ 1,28 (-0.73) 
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missing C atoms of the cations were located and refined. Next the atoms of an 
acetonitrile molecule were located and refined. Finally, the calculated positions of the 
hydrogen atoms from the cations were added (but not refîned) and all atoms (Zr, CI, Fe 
and P anisotropic all others isotropic) refined until the maximum shift dropped below 
0.01 of the esd (APPENDIX G). Selected bond distances are listed in Table 17. The final 
discrepancy factors were R = 4.4% = 6.5% (Table 16). 
(Zr5CI|2Be)(EtNH2)5 • 8CH3CN 
A well shq)ed, mulitifaceted, clear red gem from this reaction was selected and 
mounted on a glass fiber. The automatic search routine located and refined 25 reflections 
in the range of 13" ^ 26 ^ 22*. DELAUNAY converted the initial cell to a monoclinic 
ceU and a data collection of one hemisphere (h, ik, ii) of reflections up to 55" in 29 was 
carried out (Table 18). The measurement of the intensity standards showed that a 6.5% 
decay occurred during the data collection and a linear least squares correction for decay 
was therefore qiplied. Based on systematic absences and intensity statistics, the space 
group P2i/n was chosen and the dataset averaged. An initial model for the refinement, 
containing all atoms of the Zlr^Cl ^ 2 duster core with the exception of one zirconium 
atom, was obtained using direct methods (MTTHRIL). A total of eight least squares 
refinement cycles of the positional parameters with fixed temperature factors was 
necessary before the shift in the parameters was sufficiently small. Calculation of a 
difference Fourier m(g) yielded not only the position of the missing zirconium atom but 
also the positions of the atoms of all three ligands (Figure 3) plus the atoms of four 
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Table 17. Selected Bond Distances in (Et^P)^(Zr^Cl^gFe) • 2CH3CN® 
atom atom distance atom atom distance 
Zr-Fe Zr-Cl® 
Fe Zr(l) 2.440(1) Zr(l) Cl(lO) 2.557(2) 
Fe Zr(2) 2.4350(8) Zr(2) Cl(20) 2.565(2) 
Fe Zr(3) 2.443(1) Zr(3) Cl(30) 2.588(2) 
average 2.439 average 2.570 
Zr-Zr Zr-a^ 
Zr(l) Zr<2) 3.443(1) Zr(I) Cl(12) 2.560(2) 
Zr(l) Zr(2) 3.452(1) Zr(l) Cl(13) 2.571(2) 
Zr(l) Zr(3) 3.453(1) Zr(l) Cl(21) 2.574(2) 
Zr(l) Zr(3) 3.454(2) Zr(l) CI(31) 2.574(2) 
Zr(2) Zr(3) 3.448(1) Zr(2) Cl(12) 2.566(2) 
Zr(2) Zr(3) 3.452(1) Zr(2) Cl(23) 2.576(2) 
average 3.450 Zr(2) Cl(21) 2.568(2) 
Zr(2) Cl(32) 2.567(2) 
Zr(3) Cl(13) 2.563(2) 
Zr(3) Cl(23) 2.570(2) 
Zr(3) Cl(31) 2.569(2) 
Zr(3) Cl(32) 2.569(2) 
average 2.569 
^ All distances are present twice per cluster. 
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Table 18. Crystal Data for (ZrgCI|2Be)(EtNH2)5 • CH3CN 
formula Zr6Cli2Ni4C28BeH66 
formula weight 1580.69 
space group P2i/n (no. 14, setting 2) 
a, A 13.115(6) 
b, A 17.667(5) 
C.A 13.248(4) 
P, deg. 90.95(3) 
V,A3 3069(3) 
Z 2 
dcalc 1.71 
crystal size, mm 0.4 X 0.4 X 0.4 
^i(MoKg(), cm"^ 15.28 
data collection instrument RIGAKUAFC6R 
temperature, ®C -60 
orientation reflections, 
number, range (28), deg. 25,13 - 22 
octants measured h, ± k, ± 1 
data collection range, 29, deg. 2-55 
no. refl. measured 14750 
no. unique data, total 7309 Î A 1 5170 
no. parameters refined 278 
trans, factors, max., min.. 1.000,0.852 
R 0.041 
0.059 
goodness of fit indicator 1.88 
largest shift/esd, final cycle <0.01 
max. peaks in final (i&p), e/A^ 1.90® (-1.0) 
^ The 7 largest residual peaks were all located within the metal cluster framework 
(less than 2.SA distance to Be), or closer than 1 .OA to a Zr atom. 
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Figure 3. ORTEP drawing of (Zrg022Z)(EtNH2)g fZ = Be,H]. (90% thermal 
ellipsoids.) Ellipsoids with octant shading are M atoms, crossed 
ellipsoids are CI and interstitial atoms and open ellipsoids are 
the ethylamine ligands (C and N atoms). The solid lines represent 
the bonds within the Zr^Be cluster core 
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ciystallographically independent acetonitrile molecules. Thus a total of 22 atoms could 
be added for the next least squares cycles. Subsequent calculation of a difference Fourier 
map showed that all atoms had been located. Then, first the heavy atoms and later the 
lighter atoms of the cluster were reHned anisotropically. At this point the R-values had 
dropped to R = 4.6%, = 7.2%. Finally all located atoms were refined anisotropically, 
with the hydrogen atoms on the ethylamine ligands in their calculated positions 
(APPENDIX H). Selected bond distances are listed in Table 19. The final discrepancy 
factors were R = 4.1%, R^ = 6.0% (Table 18). 
(Zr5CI|2H)(EtNH2)5 • 8CH3CN 
A well shq)ed, clear red gem from this reaction was mounted on a glass fiber. The 
automatic search routine selected and refined 25 reflections in the range of 
18" ^ 26 ^ 21*. DELAUNAY converted the initial cell to a monoclinic cell, and a data 
collection of one hemisphere (h, ddc, ±1) of reflections up to 50" in 20 was carried out 
(Table 20). The measurement of the intensity standards showed that a 4.2% decay 
occurred during the data collection, and a linear least squares correction for decay was 
therefore applied. Based on systematic absences and intensity statistics, the space group 
P2j/n (no. 14, setting 2) was chosen and the dataset averaged. The lattice parameters for 
this crystal were very close to those found for (Zr^Cl ^  2Be)(EtNH2)g • 8CH3CN 
(Table 18) while the reaction had been carried out to synthesize (Zr^Clj. 2H)(EtNH2)6- It 
was therefore assumed that the isostructural compound (ZrgCl ^  2H)(EtNH2)g * 8CH3CN 
had formed, and the positional parameters for the (Zr^Q cluster core from that 
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Table 19. Selected Bond Distances in (Zr^CI|2Be)(EtNH2)5 • 8CH3CN® 
atom atom distance atom atom distance 
Zr-Be Zr-a* 
Be Zr(l) 2.330(1) Zr(l) Cl(12) 2.579(1) 
Be Zr(2) 2.3261(8) Zr(l) Cl(13) 2.576(2) 
Be Zr(3) 2.328(1) Zr(l) Cl(21) 2.589(1) 
average 2.328 Zr(l) Cl(31) 2.577(2) 
Zr(2) €1(12) 2.579(2) 
Zr-Zr Zr(2) Cl(23) 2.583(2) 
Zr(l) Zr(2) 3.284(1) Zr(2) Cl(21) 2.581(2) 
Zr(l) Zr(3) 3.288(2) Zr(2) Cl(32) 2.580(2) 
Zr(l) Zr(3) 3.299(1) Zr(3) Cl(13) 2.578(2) 
Zr(l) Zr(2) 3.300(1) Zr(3) Cl(23) 2.585(2) 
Zr(2) Zr(3) 3.291(1) Zr(3) Cl(31) 2.576(1) 
Zr(2) Zr(3) 3.291(1) Zr(3) Cl(32) 2.587(2) 
average 3.292 average 2,581 
ligand 1 ligand 3 
Zr(l) N(10) 2.435(4) Zr(3) N(30) 2.437(5) 
N(10) C(ll) 1.469(8) N(30) C(31) 1.461(7) 
C(ll) C(12) 1.507(8) C(31) C(32) 1.52(1) 
ligand 2 Zr-N 
Zr(2) N(20) 2.429(4) average 2.435 
N(20) C(21) 1.457(7) 
C(21) C(22) 1.48(1) 
^ All distances are present twice per cluster. 
64 
Table 20. Crystal Data for (Zr^CI|2H)(EtNH2)(; • 8CH3CN 
formula C28"67^h2Nl42^6 
formula weight 1572.69 
space group P2^/n (no. 14, setting 2) 
a, À 13.052(2) 
b, A 17.582(3) 
c,A 13.207(2) 
P. deg. 90.94(2) 
3030(2) 
Z 2 
dcalc'8/«'"^ 1.72 
crystal size, mm 0.5 X 0.5 X 0.5 
^(MOKQ(), cm"^ 15.48 
data collection instrument RIGAKU AFC6R 
temperature, °C -50 
orientation reflections, 
number, range (20), deg. 25,18 - 21 
octants measured h,±k,±l 
data collection range, 20, deg. 2-50 
no. refl. measured 11244 
no. unique data, total 5566 
withFo2>3o(F„2) 3798 
no. parameters refined 271 
trans, factors, max., min.. 1.000,0.911 
R 0.027 
0.038 
goodness of fit indicator 1.36 
largest shift/esd, final cycle <0.01 
max. peaks in final (Ap), e/A^ 0.55 (-0.88) 
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compound (APPENDIX H) were used as a starting model for a least squares refinement. 
Alternating least squares cycles and calculation of difference Fourier mtq) steps led to the 
location of all crystallographically independent atoms of a (ZrgCl ^  2H)(EtNH2)g cluster 
(Figure 3) and eight acetonitrile molecules. Then, first the heavy atoms and later the 
lighter atoms of the cluster were refined anisotropically. Finally all atoms were refined 
anisotropically, with the calculated hydrogen atoms of the ethylamine ligands and a 
hydrogen atom at the (inversion) center of the cluster unrefined (APPENDIX I). Selected 
bond distances are listed in Table 21. The final discrepancy factors were R = 2.7%, 
= 3.8% (Table 20). 
(ZrgCli2Be)(i.PrNH2)fi • 8CH3CN 
A well shq)ed, clear red gem was selected and mounted on a glass fiber. The 
automatic search routine located and refined 25 reflections in the range of 15* ^ 28 ^ 35°. 
DELAUNAY converted the initial cell to a monoclinic cell and a data collection of one 
hemisphere (h, ±k, ii) of reflections up to 50° in 20 was carried out (Table 22). The 
dataset then was transferred to the local VAX-station, and read into the TEXSAN 
stmcture solution package. The measurement of the intensity standards showed that a 
3.5% decay occurred during the data collection, and a linear least squares correction for 
decay was therefore q)plied. The data were averaged in the space group P2^/n chosen 
based on systematic absences. Using the direct methods (MTTHRIL) program, an initial 
model for the refinement was obtained, containing all atoms of the Zr^Cl ^ 2 cluster core 
with the exception of one zirconium atom. Several cycles of least squares refinement of 
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Table 21. Selected Bond Distances in (Zr^CI|2H)(EtNH2)5 • SCHjCN^ 
atom atom distance atom atom distance 
Zr-H(center) Zr-Cl^ 
H(99) Zr(l) 2.26 Zr(l) Cl(12) 2.563(1) 
H(99) Zr(2) 2.22 Zr(l) Cl(13) 2.560(1) 
H(99) Zr(3) 2.24 Zr(l) Cl(21) 2.568(1) 
average 2.24 Zr(l) Cl(31) 2.563(1) 
Zr(2) €1(12) 2.568(1) 
Zr-Zr Zr(2) Cl(23) 2.564(1) 
Zr(l) Zr(2) 3.1535(7) Zr(2) Ci(21) 2.571(1) 
Zr(l) Zr(2) 3.1807(7) Zr(2) €1(32) 2.565(1) 
Zr(l) Zr(3) 3.1723(8) Zr(3) Cl(13) 2.568(1) 
Zr(l) Zr(3) 3.1862(8) Zr(3) Cl(23) 2.569(1) 
Zr(2) Zr(3) 3.1497(7) Zr(3) Cl(31) 2.565(1) 
Zr(2) Zr(3) 3.1616(6) Zr(3) Cl(32) 2.569(1) 
average 3.1673) average 2.566 
ligand 1 ligand 3 
Zr(l) N(10) 2.416(4) Zr(3) N(30) 2.415(4) 
N(10) C(ll) 1.479(7) N(30) C(31) 1.460(7) 
C(ll) C(12) 1.502(7) C(31) C(32) 1.499(8) 
ligand 2 Zr-N 
Zr(2) N(20) 2.413(3) average 2.415 
N(20) C(21) 1.469(6) 
C(21) C(22) 1.499(7) 
^ All distances are present twice per cluster. 
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Table 22. Crystal Data for (Zr^CI|2Be)(i-prNH2)5 • 8CH3CN 
formula ^6^12^14^34®®^78 
formula weight 1664.85 
space group P2j/n (no. 14, setting 2) 
a, À 13.712(9) 
b,Â 17.234(2) 
c,A 14.124(5) 
P, deg. 91.46(2) 
V,A3 3337(4) 
Z 2 
dcalc'8/cm^ 1.66 
crystal size, mm 0.4 X 0.4 X 0.3 
|1(MOKQJ), cm"^ 13.95 
data collection instrument Enraf-nonius CAD4 
temperature, *C -50 
orientation reflections. 
number, range (26), deg. 25,15 - 35 
octants measured h,±k, ±1 
data collection range, 26, deg. 2-50 
no. refl. measured 12244 
no. unique data, total 6082 
withFo2>3o(Fo2) 4106 
no. parameters refined 304 
trans, factors, max., min.. 1.000,0.747 
R 0.039 
0.050 
goodness of fit indicator 1.55 
largest shifi/esd, final cycle <0.01 
max. peaks in final (Ap), e/A^ 1.37»(-1.60) 
^ The 8 largest residual peaks were all located within the metal cluster framework 
(less than 2.SÂ distance to Be), or closer than 1.0Â to a Zr atom. 
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the positional parameters with fixed temperature factors were run until the shift in the 
parameters was less than 10% of the error. Calculation of a diAerence Fourier map gave 
not only the position of the missing zirconium atom but also the positions of the atoms of 
all three ligands (Figure 4) and four crystallogrq)hically independent acetonitrile 
molecules. Subsequent least squares cycles and calculation of a difference Fourier map 
showed that all atoms had been located. Then, first the heavy atoms and later the lighter 
atoms of the cluster were refined anisotropically. Finally, all located atoms were refined 
anisotropically, with the calculated hydrogen atom positions of the isopropylamine 
ligands calculated unrefined (APPENDIX J). Selected bond distances are listed in 
Table 23. The final discrepancy factors were R = 3.9%, = 5.0% (Table 22). 
(Zr^Cli2Be)(Et3P)5 
The reaction of Na^ZrgCl^^Be with EtgP had produced a large number of diffraction 
quality crystals. Mounting one of these crystals proved to be difficult since several 
crystals fractured when cooled to temperatures below -20*C. Finally, a clear red gem on 
a glass fiber was mounted successfully when the temperature was lowered only to -10*'C. 
The automatic search routine selected and refined 25 reflections in the range of 
13* ^26:2 17*. DELAUNAY converted the initial triclinic cell to the standard setting 
with the constants a = 12.658(8)Â, b = 12.700(8)A, c = 12.120(4)Â, a = 93.44(4)°, 
P = 94.13(4)°, Y = 119.05(4)°. One hemisphere (h, ±k, ±1) of reflections in the range 
0° ^ 26 ^  50° was collected (Table 24). Based on Laue symmetry and intensity statistics, 
the centrosynunetric space group P-1 (no. 2) was chosen for the subsequent structure 
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Figure 4, ORTEP drawing of (Zr^Cl^2Be)(i-PrNH2)g. (90% thermal ellipsoids.) 
Ellipsoids with octant shading are M atoms, crossed ellipsoids are 
CI and interstitial atoms and open ellipsoids are isopropylamine 
ligands (C and N atoms). The solid lines represent the bonds 
within the ZrgBe cluster core 
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Table 23. Selected Bond Distances in (ZrgCI|2Be)(i-PrNH2)5 • 8CH3CN® 
atom atom distance atom atom distance 
Zr-Be Zr-a^ 
Be Zr(l) 2.332(1) Zr(l) Cl(12) 2.582(2) 
Be Zr(2) 2.332(1) Zr(l) Cl(13) 2.593(1) 
Be Zr(3) 2.3317(6) Zr(l) Cl(21) 2.575(2) 
average 2.332 Zr(l) Cl(31) 2.596(2) 
Zr(2) Cl(12) 2.583(2) 
Zr-Zr Zr(2) CI(23) 2.576(1) 
Zr(l) Zr(2) 3.297(1) Zr(2) Cl(21) 2.576(2) 
Zr(l) Zr(2) 3.299(2) Zr(2) Cl(32) 2.592(2) 
Zr(l) Zr(3) 3.289(1) Zr(3) Cl(13) 2.576(2) 
Zr(l) Zr(3) 3.306(1) Zr(3) Cl(23) 2.579(2) 
Zr(2) Zr(3) 3.2930(9) Zr(3) Cl(31) 2.576(2) 
Zr(2) Zr(3) 3.303(1) Zr(3) Cl(32) 2.589(2) 
average 3.298 average 2.583 
ligand 1 ligand 3 
Zr(l) N(10) 2.443(5) Zr(3) N(30) 2.441(5) 
N(10) C(ll) 1.493(7) N(30) C(31) 1.488(7) 
C(ll) C(13) 1.52(1) C(31) C(33) 1.505(9) 
C(ll) C(12) 1.53(1) C(31) C(32) 1.531(8) 
ligand 2 Zr-N 
Zr(2) N(20) 2.450(5) average 2.445 
N(20) C(21) 1.514(8) 
C(21) C(23) 1.50(1) 
C(21) C(22) 1.55(1) 
^ All distances are present twice per cluster. 
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Table 24. Crystal Data for (Zr^CI^2Be)(EtgP)^ 
formula ^36^90® ®^12^6^'6 
formula weight 1690.72 
space group P-1 (no.2) 
a, A 12.658(6) 
b, A 12.700(8) 
c,A 12.120(4) 
a, deg. 93.44(4) 
P, deg. 94.13(4) 
Y.deg. 119.05(4) 
V,A3 1688(2) 
Z 1 
dcalc 1.66 
crystal size, mm 0.25 X 0.15 X 0.10 
^(MoK^), cm"^ 15.23 
data collection instrument RI0AKUAFC6R 
ten^rature, *C -10 
orientation reflections, 
number, range (20), deg. 21,13.0 -17.0 
octants measured h,±k,±l 
data collection range, 20, deg. 2-50 
no. refl. measured 6282 
no. unique data, total 5968 
withFo2>3^,(p^2) 2716 
no. parameters refined 272 
trans, factors, max., min.. 1.000,0.817 
R 0.075 
Ryf 0.087 
goodness of fit indicator 1.87 
largest shifi/esd, final cycle <0.01 
max. peaks in final (Ap), e/Â? 2.20^ (-1.52) 
^ The ten largest residual peaks were all located within 1 Â of either a Zr or CI atom 
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solution and least squares refinement. Using direct methods (SHELXS86) [61], an initial 
model containing 3 Zr and 4 CI atoms of the centric Zr^C1^2 duster core was obtained. 
Several cycles of least squares refinement of the positional parameters with fixed 
ten^rature factors were run until less than 0.1 shift/error was observed. Calculation of a 
difference Fourier mq) not only yielded the position of the missing chlorine atoms but 
also the positions of the P atoms of all three ligands. Least squares refinement of this 
model and a difference Fourier calculation led to the 18 carbon atoms of the EtgP ligands. 
Subsequent least squares cycles and calculation of a diAerence Fourier map showed no 
additional atoms. Then, first the heavy atoms and later the lighter atoms of the cluster 
were refined anisotropically (Figure 5). Finally all atoms were refined anisotropically but 
with the calculated hydrogen atoms of the triethylphosphine ligands unrefined 
(APPENDIX K). Selected bond distances are listed in Table 25. The final discrepancy 
factors were R = 7.5%, = 8.7% (Table 24). Calculation of a final difference Fourier 
map showed residual peaks with a maximum of 2.20 e/Â? with the ten highest peaks 
within I A of either a Zr or O atom. The remaining peaks are 1 e/Â? or less in height. 
Considering the difficulties with which the crystals were grown, it is possible that one or 
more disordered solvent molecules are present in the crystal and remain undetected. This 
should not affect, within errors, the distances and angles in the cluster but would explain 
the slightly higher R values compared to those for the refinement of the other neutral 
cluster compounds (Tables 18,20,22). 
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û 
DO 
ORTEP drawing of (ZrgClj2Be)(Et3P)g. (50% thermal ellipsoids.) 
Ellipsoids with octant shading are M atoms, crossed ellipsoids are 
CI and interstitial atoms and open ellipsoids are triethylphosphine 
ligands (P and C atoms. The solid lines represent the bonds within 
the ZrgBe cluster core 
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Table 25. Selected Bond Distances in (Zr^CI^2Be)(Et 
atom atom distance atom atom distance 
Zr-Int Zr-Cl* 
Be Zr(l) 2.336(2) Zr(l) Cl(12) 2.571(5) 
Be Zr(2) 2.331(2) Zr(l) Cl(13) 2.573(5) 
Be Zr(3) 2.338(2) Zr(l) Cl(21) 2.576(5) 
average 2.335 Zr(l) Cl(31) 2.569(5) 
Zr(2) Cl(12) 2.573(5) 
Zr-Zr Zr(2) Cl(23) 2.567(5) 
Zr(l) Zr(2) 3.293(3) Zr(2) CI(21) 2.567(5) 
Zr(l) Zr(2) 3.308(3) Zr(2) Cl(32) 2.579(6) 
Zr(l) Zr(3) 3.302(3) Zr(3) CI(13) 2.570(5) 
Zr(l) Zr(3) 3.309(3) Zr(3) Cl(23) 2.563(5) 
Zr(2) Zr(3) 3.297(3) Zr(3) €1(31) 2.563(5) 
Zr(2) Zr(3) 3.307(4) Zr(3) Cl(32) 2.576(5) 
average 3.303 average 2.571 
ligand 1 ligand 3 
Zr(l) P(l) 2.819(5) Zr(3) P(3) 2.819(6) 
P(l) C(13) 1.80(2) P(3) C(31) 1.83(2) 
P(l) C(ll) 1.82(2) P(3) C(35) 1.84(2) 
P(l) C(15) 1.84(2) P(3) C(33) 1.86(2) 
C(ll) C(12) 1.53(3) C(31) C(32) 1.51(3) 
C(13) C(14) 1.48(3) C(33) C(34) 1.53(3) 
C(15) C(16) 1.52(3) C(35) C(36) 1.53(3) 
ligand 2 Zr-N 
Zr(2) P(2) 2.824(6) average 2.821 
P(2) C(25) 1.84(2) 
P(2) C(23) 1.85(2) 
P(2) C(21) 1.86(2) 
C(21) C(22) 1.54(3) 
C(23) C(24) 1.51(3) 
C(25) C(26) 1.52(3) 
^ All distances are present twice per cluster. 
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(Ph4P)4(Zr5CIi8B) • (Ph4P)2(ZrClg) 
Of several well formed and visually single crystals, the largest was selected and 
mounted on a ENRAF-NONIUS CAD-4 diffractometer. Twenty-five reflections in the 
range of 20* ^ 26 ^  38° were selected and refined by the automatic search routine. The 
reflections were indexed to give a rhombohedral cell with the parameters a = 1S.432(5)Â, 
b = 15.436(6)A, c = 15.437(5)A, a = 90.56(4)», p = 90.58(3)°, y = 90.55(4)°. Using 
TRACER [54] the calculated primitive cell was converted to a hexagonal R eentered cell 
with the constants a = b = 21.961(5)Â, c = 26.511(6)A. The lattice parameters were 
confirmed by axial photographs and examination of a photogr^h of the (2 10) plane 
confirmed the correct setting (obverse). The absence of mirror planes on all photographs 
indicated the presence of -3 Laue symmetry. Reflections in one quadrant (h,k, ±1) in the 
range 0° ^ 26 ^ 45° were measured, with the explication of the general reflection 
condition -h+k+1 = 3n for the R eentering (Table 26). Psi scans for 5 reflections were 
measured, and an empirical absorption correction was fgyplied. Based on Laue symmetry 
and absence of additional conditions, space group R-3 (no. 148) was chosen for the 
subsequent structure solution and least squares refinement. Using statistical methods 
(SHELXS86), a starting model for least squares refinement was obtained. The first six 
peaks of this solution were used for subsequent least squares refinement. Taking their 
heights into account, the first two were refined as zirconium and the remaining four as 
chlorine atoms. All atoms refined with reasonable isotropic Bs. The highest peak from a 
difference Fourier mtq) was added as phosphoras, starting the refinement of the PPh^^ 
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Table 26. Crystal Data for (Ph4P)^(ZrgCl^gB) • (Ph^P)2(ZrClg) 
formula ^7*^24^6^144^^120 
formula weight 3536.60 
space group R-3(no.l48) 
a, A 21.961(5) 
c,A 26.511(6) 
v.A^ 11072(7) 
z 3 
dcalc 8/®"^ 1.596 
crystal size, mm 0.45 X 0.45 X 0.5 
^(MoK^), cm"^ 10.21 
data collection instrument Enraf-Nonius CAD4 
temperature, ®C 22 
orientation reflections, 
number, range (20), deg. 25,20 - 38 
octants measured h,±k,±l 
data collection range, 26, deg. 2-55 
no. refl. measured 9639 
no. unique data, total 5621 
widiFo2>3o(Fo2) 3192 
no. parameters refined 275 
trans, factors, max., min.. 0.999,0.901 
R(avc) 0.018 
R 0.041 
Rw 0.061 
quality-of-fit indicator 1.67 
largest shift/esd, final cycle <0.01 
max. peaks in final (Ap), t/Â? 1.42» (-0.57) 
® The two largest peaks (1.42 and 1.28 e/A^) were within 0.5 A of Cl(2). The next 
largest peak was 0.37 e/A?. 
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cation. In following steps, 24 carbon atoms of the PPh^"*" were added, and all atoms were 
refined anisotropically. A boron atom was placed at the center of the cluster and refined 
isotropically. Finally the positions of the hydrogen atoms of the phenyl rings were 
calculated and atoms placed at the respective positions (APPENDIX L). This model was 
then refined to convergence (R = 4.3%, = 6.2%) (Table 26) with fixed hydrogen 
atoms. Selected bond distances are listed in Table 27. 
(Ph4P)4(ZrgCI]^gBe) • 4py 
Of several well formed and visually single crystals, the largest was selected and 
mounted on a ENRAF-NONIUS CAD-4 diffractometer. Twenty-five reflections in the 
range of 20* ^ 26 ^  35* were selected and refined using the automatic search routine. 
Using TRACER the initial primitive cell was converted to a tetragonal centered cell with 
the constants a = 26.919(S)Â and c = 16.426(3)Â. Fast scan measurement of 
approximately 1700 reflections with 20° ^ 29 ^ 35* gave 25 reflections for an improved 
orientation matrix. The axial photogrfg)hs showed only mirror symmetry normal to the c 
direction, indicating the Laue class 4/m. Including the general reflection condition 
h+k+1 = 2n, one quadrant (h,k, ±1) in the range 0* ^  29 ^  45* was measured (Table 28). 
Presence of the general reflection condition was confirmed by collecting the first 100 
refiections without the centering condition. Psi scans for 4 refiections and their Friedel 
mates were measured. The measurement of the intensity standards revealed a 12.5 % 
decay over a period of 84.5 hours. A linear least squares correction for the decay and an 
empirical absorption correction, based on psi scans, were q)plied. 
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Table 27. Selected Bond Distances in (Ph^P)^(ZrgCI;gB) • (Ph^P)2(ZrClg)^ 
atom atom distance 
\4. (ZrgCligBr 
Zr-B 
B Zr(l) 2.3543(7) 
Zr-Zr 
Zr(l) Zr(l) 3.351(1) 
Zr(l) Zr(l) 3.308(1) 
average 3.330 
2-(ZrClg) 
Zr-Cl 
Zr(2) 0(4) 2.468(2) 
atom atom distance 
Zr-Cl® 
Zr(l) Cl(2) 2.664(1) 
Zr-a^ 
Zr(l) Cl(l) 
Zr(l) Cl(l) 
Zr(l) Cl(3) 
Zr(l) Cl(3) 
average 
2.560(2) 
2.550(2) 
2.546(2) 
2.540(2) 
2.549 
® All distances are present six times per cluster 
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Table 28. Crystal Data for (Ph^P)^ (Zr^CI|gBe) • 4py 
formula ^116Hl00BeCll8^4P4^% 
formula weight 2868.47 
space group Mj/a (no.88) 
a, A 26.919(5) 
c, A 16.426(3) 
V,A3 11903(6) 
Z 4 
dcalc'g/""^ 1.600 
crystal size, mm 0.25 X 0.25 X 0.30 
|A(MoKgj), cm"^ 10.07 
data collection instrument RIGAKUAFC6R 
ten^rature, *C 22 
orientation reflections, 
number, range (20), deg. 25,20 - 35 
octants measured h,k,±l 
data collection range, 20, deg. 2-50 
no. refl. measured 8215 
no. unique data, total 4104 
withFg2>3(y(F^2) 1370 
no. parameters refîned 126 
trans, factors, max., min.. 0.999,0.922 
R(ave) 0.035 
R 0.049 
0.060 
goodness of Ht indicator 1.822 
largest shiA/esd, final cycle <0.01 
max. peaks in final (Ap), e/A^ 0.64 (-0.47) 
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Upon checking the collected data for systematic absences, it was found that besides 
the centering condition additional hkO: hjc = 2n and 001:1 = 4n were present. This 
eliminated all but one possible space groups, I4^/a (no.88) which was used for the 
following refinement. Using statistical methods (SHELXS86), a solution was obtained. 
The first seven peaks of this solution were used for least squares refinement. Taking their 
heights into account, the first two were refined as zirconium and the remaining five as 
chlorine atoms. With the exception of one peak, which eventually was omitted 
altogether, all refined with reasonable isotropic Bs. The two highest peaks from a 
difference Fourier map were added as chlorine and phosphorus, completing the cluster 
and starting the refinement of the PPh^^ cations. In subsequent steps, 24 carbon atoms of 
the PPh^^ were refined. At this point, the difference map indicated the presence of six 
more atoms which were eventually refined as a pyridine molecule. Initially all atoms of 
the pyridine ring were refined as carbon atoms, but during the following cycles one of 
them showed a comparatively small isotropic B value. This atom then was refined as 
nitrogen. As a result, all atoms of the pyridine had about the same isotropic Bs. 
A distance calculation showed that the pyridine ring is arranged in such a way that 
the nitrogen (negative end of the dipole) is closest to the PPh^"*" cation (Table 29). This is 
expected if only electrostatic interactions between the molecules are present and hence 
eliminate the possible presence of pyH"*" cations and Cl-H-N bridges [62,63]. Finally, a 
beryllium atom was placed at the center of the cluster. The isotropic refinement of these 
atoms gave an R s 6.3% and = 7.6%. Following anisotropic refinement of all 
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Table 29. Selected Intermolecular Distances in 
(Ph^P)^(ZrgCl2gBe) • 4py 
atom atom distance atom atom distance 
Cation -Anion Cation - Cation 
F Be 8.994(5) P F 6.459(5) 
Cation - solvent Anion - solvent 
P N50(A) 4.67(1) Be C53(E) 6.08(1) 
F C51(A) 4.99(1) Be C52(E) 6.22(1) 
P C55(A) 5.77(2) Be C54(E) 7.25(1) 
F C52(A) 6.28(2) Be C51(E) 7.48(1) 
P C54(A) 6.92(1) Be C55(E) 8.36(1) 
P C53(A) 7.14(1) Be N50(E) 8.47(1) 
P C52(B) 5.29(1) Be C53(F) 6.08(1) 
F C51(B) 5.45(1) Be C52(F) 6.22(1) 
P C53(B) 5.99(1) Be C54(F) 7.25(1) 
P N50(B) 6.27(1) Be C51(F) 7.48(1) 
P C54(B) 6.74(1) Be C55(F) 8,36(1) 
P C55(B) 6.87(1) Be N50(F) 8.47(1) 
P N50(C) 7.60(1) Be C53(G) 6.08(1) 
F C51(C) 7.91(1) Be C52(G) 6.22(1) 
P C55(C) 8.15(1) Be C54(G) 7.25(1) 
P C52(C) 8.72(1) Be C51(G) 7.48(1) 
P C54(C) 8,94(1) Be C55(G) 8.36(1) 
F C53(C) 9.21(1) Be N5(KG) 8.47(1) 
P N50(D) 7.76(1) Be C53(H) 6.08(1) 
P C55(D) 7.91(1) Be C52(H) 6.22(1) 
P C51(D) 8.12(1) Be C54(H) 7.25(1) 
F C54(D) 8.41(1) Be C51(H) 7.48(1) 
P C52(D) 8.61(1) Be C55(H) 8.36(1) 
F C53(D) 8.75(1) Be N50(H) 8.47(1) 
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ziiconium, chlorine and phosphonis atoms, further reduced these to R = 4.4% and 
= 5.5%. At this point the data to parameter ratio was 6.85:1. In order to reduce the 
number of parameters and facilitate anisotropic refinement of more atoms, the next 
refinements were carried out using SHELX-76. The CgHg and the pyridine rings were 
refined as rigid groups with the hydrogen atoms "riding" at a distance of 0.9Â distance on 
the carbon atoms. The final refinement of all zirconium, chlorine, phosphoras and phenyl 
carbon atoms anisotropically and phenyl hydrogen, pyridine (without hydrogen) and 
beiyllium isotrqpically (APPENDIX M) gave R values of R = 3.72% and R^ = 4.63% 
(Table 28). A final difference map (calculating the 50 highest positive and negative 
peaks) showed no peaks larger than 0.4 e/Â^. Selected bond distances are listed in 
Table 30. 
(Na-2;!,2H:rypt)3(PPN)(Zr^Cli8Be) 
This compound was available as large black gems. The largest of several well 
formed and visually single crystals was chosen and mounted in a cfg)illary on a RIGAKU 
AFC6R difEractometer, and 25 reflections in the range of 20* 5:26:S 35" were selected 
and refined by the automatic search routine. Using DELAUNAY the initial triclinic cell 
was converted to the standard setting with the constants a = 17.680(4)Â, b = 21.01S(3)Â, 
c = 16.172(2)A, a = 92.60(1)®, p = 92.80(1)°, Y= 87.35(1)°. One hemisphere (h, ±k, ±1) 
of reflections in the range 2° ^ 26 ^ 45" was measured (Table 31). Based on Laue 
synunetry and intensity statistics, the centrosymmetric space group P-1 (no. 2) was 
chosen for the subsequent structure solution and least squares refinement. An attempt to 
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Table 30. Selected Bond Distances in (Ph^P)^(Zr^CI%gBe) • 4py 
atom atom distance atom atom distance 
Zr-Be Zr-a® 
Zr(l) Be 2.398(2) (x2)« Zr(I) Cl(5) 2.590(6) (x2) 
Zr(2) Be 2.418(2) (x4) Zr(2) Cl(4) 2.558(4) (x4) 
average 2.411 average 2.569 
Zr-Zr Zr-Cl* 
Zr(l) Zr(2) 3.399(2) (x4) Zr(l) Cl(2) 2.562(5) (x4) 
Zr(l) Zr(2) 3.413(2) (x4) Zr(l) Cl(3) 2.574(5) (x4) 
Zr(2) Zr(2) 3.420(2) (x4) Zr(2) Cl(l) 2.548(4) (x4) 
average 3.411 Zr(2) CI(1) 2.567(4) (x4) 
Zr(2) Cl(2) 2.545(5) (x4) 
Zr(2) Cl(3) 2.559(5) (x4) 
average 2.559 
^ Number of times the distance occurs per cluster. 
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Table 31. Crystal Data for (Na-2^,2.crypty(PPN)(Zr^CI)gBe) 
formula Cpo* 138® 18^7^®3® 18^2^^6 
formula weight 2931.52 
space group P-1 (no.2) 
a, À 17.680(4) 
b,Â 21.015(3) 
c,Â 16.172(2) 
a, deg. 92.60(1) 
P, deg. 92.80(1) 
Y. deg. 87.35(1) 
V,A3 5989(2) 
Z 2 
dcalc'«/c™^ 1.63 
crystal size, mm 0.4 X 0.45 X 0.05 
H(MoK„), cm"^ 9.96 
data collection instrument RIGAKUAFC6R 
tenqwrature, "C 23 
orientation reflections, 
number, range (26), deg. 25,20 - 35 
octants measured h,±k,±l 
data collection range, 20, deg. 2-45 
no. refl. measured 16378 
no. unique data, total 15448 
withFo2>3o(Fo2) 6211 
no. parameters refined 724 
trans, factors, max., min.. 1.000,0.812 
R 0.071 
0.090 
goodness of fit indicator 1.80 
largest shift/esd, final cycle <0.01 
max. peaks in final (Ap), e/A^ 0.96 (-0.70) 
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obtain a starting model for least squares refinement using the statistical methods program 
MTTHRIL was not successful. In the next step the program DIRDIF [57-61] and a 
triangular ZrgClg fragment were used. This program searches the Patterson map for 
matching vectors and then carries out a phase refinement after correcdy orienting and 
translating the fragment. Using this method with a triangle of Zr atoms, one-half of two 
Zr^QlsBe clusters (the other halves are generated by inversion centers) were found 
immediately. Isotropic least squares refinement of these atoms and subsequent 
calculation of a difference Fourier mi^ yielded essentially all atoms of a bis-
(triphenylphosphine) iminium (PPN) cation plus several other peaks. The spatial 
arrangement and height of the additional peaks indicated the presence of three 
(Na-2,2,2-crypt)'^ molecules in the asymmetric unit. Two of these refined fairly well. 
For the third, the location of some of the carbon atoms of the 2,2,2-ciypt tumed out to be 
difficult. Their refinement eventually was accon^lished too (APPENDIX N). Due to 
these difficulties, an inclusion of calculated hydrogen atoms was not carried out. Despite 
these difficulties, the bond distances (Table 32) and angles for the Zr^Q^gBe clusters 
should not be significantly affected and thus faiily accurate. An electron count shows 
that a 12 e" cluster has been isolated. The final discrepancy factors R = 7.1%, = 9.0 
(Table 31) and the errors for the distances (Table 32) and angles in the clusters indicate 
that the model itself is essentially correct. 
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Table 32. Selected Bond distances in (Na-2,2,2-crypt)3(PPN)(Zr^CI|gBe)^ 
Cluster No.1 Cluster No.2 
atom atom distance atom atom distance 
Zr-Be Zr-Be 
Zr(ll) Bed) 2.3862(4) Zr(21) Bc(2) 2.3974(3) 
Zr(12) Bed) 2.3981(4) Zr(22) Be(2) 2.4039(4) 
Zr(13) Be(l) 2.4021(4) Zr(23) Be(2) 2.3966(4) 
average 2.3953 average 2.3993 
Zr-Zr Zr-Zr 
Zr(ll) Zr(12) 3.3997(5) Zr(21) Zr(22) 3.3879(5) 
Zr(ll) Zr(12) 3.3663(6) Zr(21) Zr(22) 3.4021(6) 
Zr(ll) Zr(13) 3.3913(4) Zr(21) Zr(23) 3.4101(5) 
Zr(ll) Zr(13) 3.3805(6) Zr(21) Zr(23) 3.3695(5) 
Zr(12) Zr(13) 3.3892(5) Zr(22) Zr(23) 3.3984(6) 
Zr(12) Zr(13) 3.3992(6) Zr(22) Zr(23) 3.3906(5) 
average 3.3877 average 3.3931 
Zr-Cl® Zr-O® 
Zr(ll) QdD 2.5557(4) Zr(21) 0(21) 2.5504(4) 
Zr(12) a(12) 2.5280(4) Zr(22) €1(22) 2.5683(5) 
Zr(13) 0(13) 2.5654(4) Zr(23) Cl(23) 2.5698(4) 
average 2.5497 average 2.5628 
Zr-Cl* Zr-O* 
Zr(ll) 0(14) 2.5546(4) Zr(21) €1(24) 2.5591(5) 
Zr(ll) 0(15) 2.5397(4) Zr(21) €1(25) 2.5551(4) 
Zr(ll) 0(16) 2.5511(4) Zr(21) €1(26) 2.5511(5) 
Zr(ll) 0(17) 2.5752(4) Zr(21) €1(27) 2.5423(4) 
Zr(12) 0(14) 2.5404(4) Zr(22) €1(24) 2.5763(4) 
Zr(12) 0(16) 2.5431(4) Zr(22) €1(26) 2.5439(4) 
Zt(12) 0(18) 2.5486(4) Zr(22) 0(28) 2.5457(4) 
Zr(12) 0(19) 2.5573(4) Zr(22) 0(29) 2.5438(4) 
Zr(13) 0(15) 2.5475(4) Zr(23) 0(25) 2.5526(4) 
Zr(13) 0(17) 2.5672(4) Zr(23) Cl(27) 2.5570(4) 
Zr(13) 0(18) 2.5492(4) Zr(23) 0(28) 2.5560(5) 
Zr(13) 0(19) 2.5453(4) Zr(23) 0(29) 2.5544(5) 
average 2.5516 average 2.5531 
 ^All distances are present twice per cluster. 
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[(Me3P)3(CH3CN)3Fe](ZrCI<j) 
A clear amber crystal was selected and mounted on a glass fiber. One hemisphere 
(h, ±k, ±1) of data was collected (Table 33). The data were averaged and the space group 
. Pnma (no. 62) was chosen based on systematic absences. An initial model for the 
refinement was obtained using direct methods (MTTHRIL). Although the arrangement of 
the highest peaks from that model were very close to a Zr^Fe cluster core, an attempt to 
refîne the model as such failed. It soon became clear that this fragment actually was 
ZrCIg. The Fe-Zr distances in, e.g., (Et^P)^(ZrgCl^gFe) are at 2.44 A virtually identical 
to the Zr-Cl distances (2.45 A) in ZrClg. Once this fragment was refined, first the Fe and 
P atoms of the MegP ligands and subsequently all C and N atoms of the acetonitrile 
ligands could be located. A problem arose when the methyl groups of the Me^P ligands 
were sought. Since boA ions are situated on a mirror plane, one of the MegP is located 
on that mirror plane also. The location of die carbon atoms of the attached methyl groups 
was no problem. The remaining two MegP groups are related by that mirror plane. 
Examination of the peaks in a difference Fourier map revealed two distinct sets of three 
carbon atoms each in the right geometric arrangement. Refinement of either set alone 
proved unsatisfactory. Only when both sets are refined with half the occupancy required 
for their particular crystallographic position did the refinement account for all residual 
peaks. Either these two ligands are disordered and only superposition of the two ligands 
can be seen, or the mirror plane is only a pseudo symmetry and the two MegP have to be 
refîned separately. Changing the space group from centrosymmetric to acentric Pna2j 
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Table 33. Crystal Data for [(MegPy(CHgCN)gFe](ZrCI|)) 
formula ^15^36^^6^®N3P3^ 
formula weight 711.18 
space group Pnma (no.62) 
a, A 18.573(9) 
b, A 13.916(5) 
c, A 11.709(6) 
V,A3 3026(4) 
z 4 
dcalc 1.56 
crystal size, mm 0.4 X 0.3 X 0.3 
^(MOKQJ), cm'^ 15.19 
data collection instrument RIOAKU AFC6R 
temperature, "C -50 
orientation reflections. 
number, range (20), deg. 25,20-28 
octants measured h,±k,±l 
data collection range, 26, deg. 2-50 
no. refl. measured 5761 
no. unique data, total 3042 
withFo2>3G(Fg2) 1187 
no. parameters refined 172 
trans, factors, max., min.. 1.000,0.620 
R 0.056 
0.071 
goodness of fit indicator 1.71 
largest shift/esd, final cycle <0.01 
max. peaks in final (Ap), e/A^ 1.47 (-0.55) 
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(no. 33) would eliminate exactly this symmetry operation. Since the chemical 
composition is certainly not affected by this particular problem and, furthermore, the 
product was not of particular importance to the research project other than in its 
composition, the refinement was not pursued to any more precision (APPENDIX O). 
Selected bond distances are listed in Table 34. The final anisotropic refinement of all 
located atoms gave discrepancy factors of R = 5.6% and = 7.1% (Table 33). 
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Table 34. Selected Bond Distances in [(MejP)j(CHjCNyFe](ZrClg) 
atom atom distance atom atom distance 
Cation ligand 1 & 2) Cation ligand 3 
Fed) N(40) 1.95(1) ( x 2 f  Fed) N(30) 2.00(2) (xl) 
N(40) C(41) 1.15(2) (x2) N(30) C(31) 1.11(3) (xl) 
C(41) C(42) 1.48(2) (x2) C(31) C(32) 1.45(3) (xl) 
Cation ligand 4 & 5 Cation ligand 6 
Fed) P(2) 2.259(4) (x2) Fed) P(l) 2.262(6) (xl) 
P(2) CdA) 1.72(4) (xl) P(l) C(12) 1.81(3) (xl) 
P(2) C(2A) 1.75(3) (xl) P(l) CdD 1.82(2) (x2) 
P(2) C(3A) 1.88(4) (xl) 
P(2) Cd) 1.88(3) (xl) Anion 
P(2) C(2) 1.87(3) (xl) Zr(l) Cl(l) 2.408(7) (xl) 
P(2) C(3) 1.78(4) (xl) Zr(l) Cl(2) 2.457(6) (xl) 
Zr(l) Cl(3) 2.460(4) (x2) 
Zr(l) Cl(4) 2.460(4) (x2) 
^ Number of times the distance occurs per cluster. 
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RESULTS AND DISCUSSION 
Syntheses: Observations and Conclusions 
Fifteen centered zirconium chloride cluster materials with five different interstitial 
atoms (H, Be, B, C, Fe) have been successfully derivatized in acetonitrile with a variety 
of neutral (RNH2, R3P) and charged (CI', Br") ligands (Table 1). A direct comparison of 
solubilities and reactivities of these compounds is difficult, since the product formation 
varies greatly with the type of interstitial and the charge on the added terminal ligand. 
This may be illustrated with some, partially hypothetical, reaction examples for two 
different starting materials: 
KZrgQijC + aa- > (Zr^aigC/- + K+ 
KZr^a^gC + ôL > [(Zr6Cli2C)Lg]2+ + Ka + Cr 
Addition of charged ligands to a carbon-centered cluster leads to formation of a 4-
charged cluster, while six neutral ligands in the terminal positions would generate a 
cationic cluster. This changes for a beryllium-centered material, where addition of 
charged ligands may give a 6- anionic cluster (the oxidized 4- charged cluster was 
actually isolated) but results in a neutral cluster when reacted with neutral ligands. 
Na^Zr^aigBe + ZCr > (Zr^CligC)^" + 4 Na+ 
Na^Zr^a^^Be + 6 L > [(ZrgClijC)^] + 4 NaCl 
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Each case represents systems where the products will have different stabilities and/or 
solubilities which will presumably influence product formation for different starting 
materials. An example is the difference in solution behavior between Rb^Zr^Cl jgB and 
LigZrgCl^gH. The latter reacts in acetonitrile with EtNH2 and IS-crown-S to give 
quantitative solution and crystallization of (ZrgClj2HKEtNH2)g. RbgZrgCl^gB in 
presence of EtNH2 and 18-crown-6 dissolves incompletely (formation of an orange 
solution and light brown residue), and cooling of the solution (which earlier led to 
quantitative precipitation of neutral (ZrgCl ^  2Z)(EtNH2)g clusters [Z = Be,H] does not 
produce any crystallization at all. This is an indication that a neutral boron-centered 
cluster probably did not form. If the reaction proceeded ais expected, i.e., under complete 
tenninal ligand exchange and without oxidation, then the product would have been a 
cationic cluster. 
RbgZrgOigB + ôL > [(Zrgai2B)Lg]+ + 5(Rb-18-crown-6)+ + 6Cr 
This ionic cluster could be more soluble than the equivalent neutral species and may not 
readily crystallize upon cooling, despite the presence of Et^NPFg which provided large 
enough countercations. With such limitations in mind, there are, however, some 
observations that may help understand some of the reactions. 
There are indications that the solubilities of compounds in a given solvent greatly 
depend on the nature of the starting materials and the solvent alone. Both KZr^Cl^gFe 
and Na^ZrgCl^gBe dissolve conyletely in acetonitrile without any other reactant present. 
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Although the reactions finally gave uncharacterized materials which were insoluble in 
acetonitrile, the quantitative conversions themselves indicate that spherands or additional 
ligands may not be necessaiy at all for the initial solution step, but instead may be 
important only for the subsequent crystalline product formation. The presence and the 
type of alkali metal cations in the starting material does seem to be important for a 
successful solution. Only compounds that contain such cations have been dissolved 
successfully under the given reaction conditions. Absence of these cations (Zr^Q 12^) 
or presence of alkaline-earth metals resulted in insolubility of the starting 
material. 
Judging by the relative reactivity of KgZrgCl^gBe and Na^Zr^Cl^gBe 
towards CI", the number and/or size of the cations present in the reactants are also 
important factors in deteimining their solubility. KgZrgCl^gBe and Na^Zr^Cl^gBe 
dissolved with ease in acetonitrile in presence of Et^PCl and were converted 
quantitatively to an qxparently single homogenous products. On the other hand, 
KZrgCljgC formed only a very pale yellow solution and apparently two solid residues. 
In strong contrast to KZr^Cl^gC, KZrgCl^gFe, having a distorted superstructure of the 
former, reacts widi chloride the fastest and most completely, to give a single, 
homogenous product. It is surprising to see such a large difference in their respective 
behaviors. Their structural differences are certainly smaller than those between 
KgZrgCl^gBe and Na^Zr^Clj^Be which show relative reactivities between those of 
KZr^Cl^gC and KZr^Oj^^Fe. 
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Both CsgZr^Cl^gB and Na^ZrgCl^gBe consist of puckered layers of clusters with 
identical interconnectivity between clusters within the layers. Again, the structural 
differences are small but the solution behavior is very different. Under identical 
conditions, reaction of the starting material with EtNH2 in acetonitrile, Na^Zr^Clj^^Be 
gives fast and quantitative conversion to (ZrgQj2Be)(EtNH2)5 and NaCl while 
CsgZrgCl^gB does not dissolve at all. Even if the expected [(ZrgClj2B)(EtNH2)g]''' has 
different stability and solubility than (ZrgClj2Be)(EtNH2)6* the CsgZrgCl^^B should 
have dissolved. Ba2ZrgClj^B which has an even lower number of intercluster bridges 
than CsgZr^Cl^gB, does not react with EtNH2 either. These experiments, like the 
reactions with halide ligands, indicate, that the interconnectivity between the clusters 
does not q)pear to be a determining factor for solubilities. Thus the presence of different 
cations in the solid state material and possibly their different solvation energies in 
acetonitrile seems to be of importance. 
Reaction of a large excess of primary amine or phosphine with Na^Zr^Cl^gBe, 
KgZrgCl^gBe and LigZrgCl^gH led to complete displacement of all terminal chloride 
ligands, neutral clusters and MCI. This is true whether the terminal chlorine ligands are 
removed from the solution via alkali metal chloride precipitation or kept in solution by 
addition of a cation con^lexing agent. The presence of a large excess of ligand alone 
does not guarantee complete exchange of the terminal ligands, as seen in the reaction of 
KZr^Q^^Fe with a large excess of Et^PBr which produced [(ZrgCl^2Fe)ClgBrg]^" 
quantitatively. Primary amines and ternary phosphines are apparently better ligands for 
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cluster stabilization in solution than halides and only they have been able to displace all 
terminal ligands. 
The ease and completeness of the reactions with KgZr^Cl^gBe, Na^Zr^Cl^gBe and 
Li^Zr^GjgH indicate that primary amines, having been able to displace all terminal 
chlorine ligands from dissolved clusters, certainly should be strong enough to break the 
Zrg-Cl-Zrg bridging bonds in other solid state materials. Since Ba2ZrgCl^^B and 
ZrgQj2H did not react at all with EtNH2. this ability to break intercluster bridges 
appears not to be a sufficient condition for dissolution of the centered zirconium cluster 
materials, and it may not be the Zr^-Cl-Zr^ bridge cleavage by the added ligand material 
that is the determining step for successful solution of a compound. 
The formation of (Zr^Cl^ 2HXEtNH2)g from a reaction of excess EtNH2 with 
Lig&gO^gH and lS-crown-5, but not with ZrgClj2H, indicates that the solution of some 
centered zirconium chloride clusters is kinetically and not thermodynamically controlled. 
LigZrgaigH + 6EtNH2 (Zrgai2H)(EtNH2)6 + 6 (Li-15-crown-5)]+Cr 
ZrgQiiH + 6 EtNH2 icctônittaë^ reaction 
This is obscured to some degree by the (Li-lS-crown-S)'*' formation in the former 
reaction. The fast and complete conversion of KZrgCl^gFe and Et^PCl to 
(Et^N)^(Zr^Cl 2 gPe) without additional spherand nevertheless shows that cation 
con^lexation may not be necessary for cluster derivatization and thus may be negligible 
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also in the above conq)arison. No case has yet been observed where addition of a 
spherand alone solubilized a solid state material. 
The extension of the solution chemistry to the zirconium iodide system has not yet 
been achieved. Since KZr^Clj^Fe was the most reactive centered zirconium chloride 
compound, reactions of Zrgl]^2^ and Et^I or EtgN, respectively, were carried out. In 
both cases no solution was observed. In light of some of the other results, it seems 
doubtful that solid state cluster compounds without cations will dissolve at all and the 
reactions should be repeated with charged iodides, e.g., CsZrgl^^Mn [64,65]. 
Solvent Choice and Oxidation Despite efforts to find alternative solvents, 
acetonitrile remains the only workable solvent so far. A limitation here appeaxs to be the 
slow oxidation of the dissolved cluster by acetonitrile when its charge exceeds 4-. The 
oxidation of a cluster by the solvent has been observed in at least two reactions. First, the 
14-electron cluster from Na^Zr^Clj^Be was slowly oxidized to a 12 electron 
(Zr^Cl^gBe)^' species at -18°C. A series of compounds with the stoichiometiy 
(Et4Y)4(Zr5aigZ) • 2CH3CN [Y = Nf andZ = Be, C, Fe ] (Table 2) has been 
synthesized. An electron count for the carbon- and iron-centered products shows that 
with 14 and 18 electrons, respectively, they have the same number of cluster bonding 
electrons as the respective starting materials. Terminal ligand sites of K&gCl^gFe freed 
by the Zr^-Cl-Zrg cleavage during solution seemingly were simply occupied by the CI' 
ions already present in solution, and the expected (Zr^Cl jgFe)^' cluster was formed. 
(The situation appears to be more complicated for KZr^Q^^C, where more than one 
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product is formed regardless of whether a large excess of chloride is present or not.) This 
is obviously not true for the beiyllium-centered cluster. Simple addition of CI" to vacated 
terminal sites should have produced (Zr^Q^gBe)^', rather the 4- charged cluster with 
only 12 electrons was isolated. (Et^P)^(ZrgCl % gBe) • 2CH3CN was obtained in high 
yield from a reaction ofKgZrgCl^gBe with excess Et^PCl in a sealed ampoule after one 
month at -18°C. Long exposure to acetonitrile will (qxparently oxidize any intermediate 
(ZrgCljgBe)^". It is, however, possible that higher charged clusters are formed initially 
and are at least tenqwrarily stable in solution before the less soluble, oxidized cluster 
species crystallizes. Since attempts to obtain products from freshly prepared 
"(Zr^O^gBe)^" solutions led to formation of uncharacterized, microcrystalline, red 
precipitates, it is not clear whether and for how long this anion may be stable in solution. 
The repeated crystallization of 4- charged clusters from acetonitrile nevertheless shows 
that these are the stable species in solution. The formation of the 12-electron cluster itself 
is remarkable since all attempts to prepare such a compound via high temperature solid 
state routes have failed so far. 
In an attend to extend this chemistry and to prepare an 11-electron cluster 
(ZrgCl^gH)^, Li^Zr^QjgH was dissolved in acetonitrile with 15-crown-5 and 
Et^NPFg. The solution proceeded without problems, but attempts to isolate single 
crystals from the resulting brown solution gave only oils. The preceding experiments 
with the beiyllium-centered clusters had shown that their oxidation with acetonitrile was 
slow and at times took several weeks to produce single crystals; thus, the oxidation of a 
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hydrogen-centered cluster should be repeated with a more reliable oxidizing agent like 
Cp2Fe+[66]. 
The second oxidation reaction, solution of Rb^Zr^Cl^gB in acetonitrile at elevated 
temperature (50"C), gave not only the partially oxidized, 13-electron cluster 
(Zr^CljgB)^' but also to the completely oxidized ZrClg^", which certainly was an 
oxidation product of the starting material. Since Ph^PBr was the only other compound 
present in solution, the oxidizing agent must have been the acetonitrile. The 
(Zr^Cl|gB)^' apparently is a strong enough reducing agent at elevated temperature to 
react with the acetonitrile and produce some completely oxidized ZtCl^'. 
KZr^Cl^gFe - a special case As described earlier, KZr^Cl^gFe showed the 
fastest reactions in acetonitrile with Et^PCl among all materials tested. The same is true 
for reactions with neutral ligands such as primaiy amines or phosphines. There is, 
however, an important difference in the product formation between the iron-centered 
material and the remaining starting materials. In reactions with chloride or bromide, the 
solution of KZr^Q^^Fe in acetonitrile remained blue, and the [(Zr^Qj2^6)^3X3]^' 
[X = Cl,Br] products crystallized as dark blue materials. In contrast, when neutral ligands 
such as Me3P, Et3P, quinuclidine, MeNH2 or i-PrNH2 were added instead of the halide, 
the KZr^Cl jjFe dissolved r(g)idly, forming a deep blue solution. This solution changed 
color to brown within minutes. Attempts to crystallize products from such reactions 
failed in all but one case. The distinct change in color was initially attributed to a 
presumed ligand exchange at the terminal sites on the cluster. In hindsight, the lack of 
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color change when Na^Zr^Cl^gBe was converted to (ZrgO ^  [R = Me,Et], 
both being orange-red, should have raised suspicion about this assumption. The reaction 
of KZr^Q j^Fe in acetonitrile with MegP produced a large amount of amber crystals 
upon slow removal of the solvent from the solution. An X-ray diAraction analysis for 
one of these ciystals shows that [(MegP)g(CHgCN)gFe](ZrClg) had formed in high yield. 
This leaves little doubt that in reactions of KZrgClj^Fe with any ligand, the color change 
from deep blue to brown is due to decomposition of the blue clusters and the fonnation of 
brown mononuclear iron(II) complexes. 
The isolation of (Et^N)^[(ZrgCl22P*)(^3Br3] * 2CH3CN from a reaction of 
KZrôCl^ jFe with a large excess of Et^PCl in acetonitrile showed that Br" was able to 
occupy only those terminal sites on the clusters that had been vacated by the chlorine 
ligands due to the cleavage of Zr^-Cl-Zr^ bonds. This indicates that Br' is a weaker 
ligand than CI" and not citable of displacing it from the terminal positions. Reaction of 
KZr^QlsFe with a large excess of Et^NI produced an insoluble blue precipitate and a 
light yellow solution, similar to reactions where no ligand had been added at all. Both 
(Et^N)^(ZrgCl^gFe) and (E*^N)^[(Zrga2showed the same good solubility 
in acetonitrile; thus it is unlikely tfiat a completely insoluble (Et^N)^[(Zr^C1^2P*)Cl3l3] 
had formed. I" q)pears to be such a weak ligand, that it is not even capable of occupying 
the vacated terminal sites on dissolved clusters. 
Reactions of zirconium chloride cluster materials centered by main group elements 
have not yet produced mixed halide clusters. Very similar amounts of bromide that had 
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led to [(ZrgQj2Pe)G3Br3]^* fonnation were present in several reactions. Only 
(Zr^Cl jgZ)^' type clusters were isolated in moderate yields from these solutions, if at all. 
If mixed halide clusters exist for these materials, they do not form as easily as the iron-
centered analogue. 
Due to the smaller size of the interstitial atom, zirconium chloride cluster materials 
centered by main group elements have generally more withdrawn Zr vertices than their 
iron-centered counteiparts. As a result, the distances between the four bridging halides 
around any given Zr atom are such that anion-anion repulsion between bridging and 
terminal halide Uganda may force any halide ligand to a greater Zr-X^ distance. Since 
the distances between the four bridging halides surrounding any zirconium atom are 
larger for the Fe-centered cluster, the minimum possible Zr-Br^ distance may be shorn 
enough for bond formation. This may change when iodide is added. Here even the larger 
distances between the bridging chlorine ligands may not enable the cluster to 
accommodate the much bigger iodide ligands, and the iodine substituted cluster will not 
form. If these geometric arguments are true, the addition of fluoride may lead to fluorine 
substituted clusters. Such reactions have not yet been carried out due to lack of a suitable 
fluoride source. 
The reactions of KZr^Qj^Fe with SCN' and different spherands have given some 
unusual results. KSCN alone does not dissolve noticeably in acetonitrile which indicates 
that the solvating power of the acetonitrile is not high enough. Complexation with a 
crown ether solubilizes KSCN but may not lead to complete ionization into 
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(K-lS-crown-ô)*^ and SCN" but rather to solvation as ion pairs. If 2,2,2-crypt is added, 
the potassium cation would be totally enclosed and thus any ion pairing would be weaker. 
In such a case, we see r{q)id decomposition of the cluster by SCN". One possible 
explanation for this behavior would be that SCN' alone decomposes the cluster material 
but when a crown ether is present a stable and possibly less reactive (K-18-crown-6)SCN 
ion pair is formed in solution. In this case the whole unit may be the ligand, stabilizing 
the Fe-centered cluster as (Z;rgCli2F«XSCN-K-18-crown-6)gor [(Zr^Cl^2Fe)Cl2(SCN-
K-18-crown-6)g]^". 
Cyclovoltammetry 
Rb^Zr^CIigB The three scans recorded at 6400 (Figure 6), 1067 (Figure 7) and 
64 mV/s (Figure 8) show the redox behaviour is independent of the scan rate in this 
range. The decrease in absolute values of the minimum and maximum currents was 
probably due to electrode passivation. The cyclovoltammograms show two distinct steps 
upon oxidation and one weak step upon reduction. Since the initial species in solution 
presumably was the not yet isolated (Zir^Cl the first two waves may represent the 
two single oxidation steps: 
(zrgaigB)'- (ZTga^B)-^ (zr^ciigB))-
14 e- 13 e" lie-
Clusters with all three electron counts have already been isolated independently from 
solutions with different interstitials and charges on the 14- and 12-electron species. 
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I ( X lfr>A) 
0.06 
6400 mV/s 0.04 
0.02 
0.00 
-0.02 
-0.04 
-0.06 
-0.08 
-0.10-
-0.12 
-0.2 -0.1 0.0 0.1 0.2 0.5 
E (V vs "pscudo Ag") 
Figure 6. Cyclovoltammogram of -1 x 10"^ M RbgZrgCl^gB with 1.3 x 10"^ M 
2,2,2-ctypt and 0.1 M Et^NPFg in acetonitrile. 
Reference electrode; "pseudo-Ag", 0.80 V; 
scan rate = 6400 mV/s 
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I { %  l»JA) 
1067 mV/s 
-0.08 
-0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 
E (V vs "pscudo Ag") 
Figure 7. Cyclovoltammogram of ~1 x 10"^ M Rb^Zr^Cl^gB with 1.3 x 10'^ M 
2,2,2-ciypt and 0.1 M Et^NPF^ in acetonitrile. 
Reference electrode: "pseudo-Ag", E® » 0.80 V; 
scan rate = 1067 mV/s 
104 
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0.02 
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0.00 
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-0.03 
-0.04 
-0.05 
E (V vs "pseudo Ag") 
Figure 8. Cyclovoltammogram of-1 x 10"^ M RbgZrgCl^gB with 1.3 x 10"^ M 
2,2,2-crypt and 0.1 M Et^NPFg in acetonitrile. 
Reference electrode: "pseudo-Ag", E° = 0.80 V; 
scan rate = 64 mV/s 
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The very weak couple on the reduction side indicates that a 15-electron (Zr^CljgB)®" 
cluster may be formed as well. A probable explanation for the difference in relative 
current may be that the oxidation of the cluster occurs more readily than its reduction and 
thus produces higher currents. 
(Zr^Clj2Be)(i-PrNH2)5 The three scans recorded with 6400,1067 and 100 mV/s 
show extreme dependence of the redox behaviour on the scan rates. The decrease in 
absolute values for minimum and maximum currents may again be due to electrode 
passivation. At a very high rate (6400 mV/s, Figure 9), one large asymmetric couple on 
the oxidation side and a much weaker but symmetric couple on the reduction side are 
observed. At medium scan rate(1076 mV/s, Figure 10), the couple on the oxidation side 
is even more asymmetric, while the couple on the reduction side patently increases 
relative to the oxidation. At a low scan rate (100 mV/s, Figure 11), the couple on the 
oxidation side is asymmetric to the point that the corresponding reduction of the 
previously generated oxidized species has dis{q)peared. The previously observed couple 
on the reduction side is still present, but now a second more reduced pair (g)pears as well. 
It seems as if the first generated oxidized species, presumably 
[(2[rgC1^2B*Xi-PrNH2)6]^' decomposes rq>idly. Only when the scan rate is high enough 
can the reduction of this species be observed. The lower the scan rate, the smaller the 
amount of oxidized species present for subsequent reduction, to the point (100 mV/s, 
Figure 11) where no reduction is observed at all. The step on the reduction side, on the 
other hand, fgxpears to show a much slower and reversible process as indicated by its 
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I ( * l«^A) 
0.10 
6400 mV/s 0.05 
0.00 
-0.05 
-0.10 
-0.15 
-0.20 
E (V vs"pscudoAg") 
Figure 9. Cyclovoltammogram of -5 x 10"^ M (ZrgCli2Be)(i-PrNH2)6 
and 0.1 M Et^NPF^ in acetonitrile. 
Reference electrode: "pseudo-Ag", 0.80 V; 
scan rate = 6400mV/s 
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I ( X 1»-U) 
0.04 1067 mV/s 
0.02 
0.00 
•0.02 
-0.04-
-0.06 
•0.08 
•0.10 
E (V vs "paeudo Ag") 
Figure 10. Cyclovoltammogram of ~5 x 10"^ M (ZrgCli2Be)(i-PrNH2)6 
and 0.1 M Et^NPFg in acetonitrile. 
Reference electrode: "pseudo-Ag", E® » 0.80 V; 
scan rate = 1067mV/s 
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I ( * IfrJA) 
0.04 
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100 mV/s 0.02 
0.01 
0.00 
-0.01 
-0.02 
-0.03 
-0.04 
-0.05 
E (V vt "pMudo Ag") 
Figure 11. Cyclovoltammogram of ~5 x 10'^ M (ZrgCl ^  2Be)(i-PrNH2)^ 
and 0.1 M Et^NPFg in acetonitrile. 
Reference electrode: "pseudo-Ag", E° = 0.80 V; 
scan rate = 100mV/s 
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symmetiy. At a low enough rate, it actually seems to be possible to reduce the dissolved 
cluster by two electrons, which raises the question whether it may be possible to 
chemically reduce a dissolved 14-electron cluster and isolate a IS- or 16-electron species. 
Structural Chemistry 
Unoxidized Reaction products 
(Et^N)^(Zr(;CligC) • 2CH3CN The compound (Et4N)4(Zr^CligC) • 2CH3CN 
has been characterized as both monoclinic (P2^/n) and triclinic (P-1) crystals. Since this 
is unusual, and there seemed to be no obvious reason why the same conq>ound should 
crystallize in different space groups, attempts were made to ensure that no additional 
molecule had been overlooked during refinement of the stractures or that they were the 
same structures described with different cells. The structure was therefore refined using 
the intensities instead of structure factors and all reflections (zero sigma cutoff). 
Difference Fourier maps were examined carefully at the special postions, assuming that a 
disordered solvent molecule might be hiding there, but this seems not to be the case. In 
addition, later reactions produced other compounds with the same general composition 
(Et4Y)4(ZrgCl^gZ) • 2CH3CN that crystallized in either monoclinic (Figure 12) or 
triclinic cells (but not both) (Figures 13,14), indicating that subtle differences like the size 
of interstitial atom or the counter cation can lead to crystallization in different space 
groups (Table 2). All results indicate that both structures containing (Et4N)4(ZrgCljgC) 
indeed have the same composition. A conq)arison shows that comparable average bond 
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Figure 12. Unit cell of (Et^N)^(ZrgCl ^  gC) • 2CH3CN [monoclinic] emphasizing 
the solvent (open ellipsoids) and cation (crossed ellipsoids) 
arrangement around the (Zr^Q^gC)^' anion (ellipsoids with octant 
shading). (50% thermal ellipsoids.) The bridging chloride atoms 
of the clusters have been omitted for clarity 
I l l  
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Figure 13. Unit cell of (Et^N)^(Zr^Cl^gC) • 2CH3CN [triclinic] emphasizing 
the solvent (open ellipsoids) and cation (crossed ellipsoids) 
arrangement around the (Zr^G^gC)^' anion (ellipsoids with octant 
shading). (50% thermal ellipsoids.) The bridging chloride atoms 
of the cluster have been omitted for clarity 
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Figure 14. Unit cell of (Et^P)^(Zrga ^  gPe) • 2CH3CN emphasizing the solvent 
(open ellipsoids) and cation (crossed ellipsoids) arrangement 
around the (Zr^CljgFe)^' anion (ellipsoids with octant shading). 
(50% thermal ellipsoids.) The bridging chloride atoms of the 
cluster have been omitted for clarity 
Table 35. Average Bond Distances in Selected Cluster Compounds 
d(Zr-Zr) d(Zr-Z) d(Zr-a^  d (Zr-L») d(Zr-Cl^-^) * 
Zr6ai2(PMe2Ph)6 3.224(4) 2J61(9) 2.80(1) 12 
Li^Zr^IgH 3.192(1) 2J64(1) 2.687(1) 13 
• 8CH3CN 3.167(1) 2J66(1) 2.415(4) 13 
(Pii4P)4(ZrgaigBe) • 4py 3.409(2) 2.410(1) 2J55(3) 2.570(4) 12 
(Et4N)4(Zr^lgBe) • 2CH3CN 3399(1) 2.404(1) 2562il) 2.568(2) 12 
(Et4P)4(ZrgCljgBe) • 2CHgCN 3.411(2) 2.412(2) 2J54(4) 2.552(4) 12 
(Na-2,2,2-ciypt)3(PPNXZr6ai8Be) 3.390(3) 2.397(2) 2.552(6) 2.556(6) 12 
KgZr^Cl^gBe 3.300(1) 2.333(1) 2.580(1) 2.683(2) 14 
Na4Zr5ai5Be 3.299(1) 2.333(1) 25110) 2.667(3) 2.772(3) 14 
(Zr5Cli2Be)(EtNH2)5 • 8CH3CN 3.292(1) 2.328(1) 2.581(2) 2.435(4) 14 
(Zr5ai2Be)(PrNH2)5 • 8CH3CN 3.298(2) 2.332(1) 2J83(2) 2.445(5) 14 
(Zr^ll2Be)(Et3P)5 3.303(3) 2.335(2) 2.571(5) 2.821(6) 14 
(Ph4P)4(Zr6Cli8B) • (Ph4P)2(ZiCl6) 3.327(1) 2.352(1) 2.546(1) 2.661(1) 13 
f^bgZr^Cl^gB 3.277(1) 2.317(1) 2.564(2) 2.679(2) 14 
KZrgQisC 3.225(1) 2.280(1) 2J28(1) 2.668(1) 14 
(Et4N)4(Zr^Cl^gC) # 2CH3CN T 3.248(1) 2.296(1) 2.540(1) 2.597(1) 14 
(Et4N)4(Zr^aigC) • 2CH3CN M 3.245(2) 2.295(1) 2.533(3) 2.586(4) 14 
KZr^Oj^Fe 3.428(5) 2.42(1) 2J62(7) 2.635(7) 18 
(Et4N)4(Zr5ai6Br3Fe) • 2CH3CN 3.455(2) 2.443(2) 2.577(4) 2.701(3) 18 
(Et4N)4(Zr6ai8Fe) • 2CH3CN 3.447(2) 2.437(1) 2J65(4) 2.570(4) 18 
(Et4P)4(Zr^aigFe) • 2CH3CN 3.450(1) 2.439(1) 2.569(2) 2.570(2) 18 
* Number of electrons in metal - metal bonds. 
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lengths (Tables 5,9,35) and angles in the clusters are within 4o of each other. The 
calculated density of the triclinic crystal, from now on called T, is 1.77 g/cm^, slightly 
higher than that of the monoclinic product, from now on called M, 1.72 g/cm^. 
There is, however, a difference as far as the arrangement of anions, cations and 
solvent molecules relative to each other (Tables 36,37). First, within a sphere of 10Â 
radius around the interstitial atom, T has more (34) chlorine-to-carbon contacts than 
M(30). A more detailed view may be extracted from distances between the centers of 
gravity of anions, cations and solvent molecules. M has the shortest distance between the 
cluster and a cation (7.11 A) but shows a larger distribution of distances when we consider 
a larger coordination sphere (Table 37). Up to 10 Â both M and T have the cluster 
surrounded by 14 cations and 8 solvent molecules. In T the cluster(C) to cation(N) 
distances range from 7.41Â to 8.53À with an average of is 8.18 Â (Table 36), whereas in 
M the distances range from 7.11Â to 9.71Â with an average of 8.22 Â. Also, the average 
cluster(C) to solvent(C) distance, 7.20 A in T, is less than in M (7.37 A). Tables 36 and 
37 show the relative orientation of the solvent molecules towards the ions. All solvent 
molecules within 9.5 A distance of the cluster center have their positive end (CHg) 
towards the duster in both structures. On the other hand, not all solvent molecules have 
their negative end (N) towards the cations. In T all solvent molecules around cation 1 
(Nl) have their negative end towards the cation but cation 2 (N2) has 3 of the 4 closest 
solvent molecules reversed (marked * in Tables 36 and 37). In M both cation 1 (Nl) and 
cation 2 (N2) have 1 and 2 solvent molecules, respectively, with their positive end 
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Table 36. Selected Intermolecular Distances in 
(Et4N)4(Zr5CligC) • 2CH3CN [Monoclinic]» 
atom atom distance atom atom distance 
Anion - solvent 
C99 C31(A) 6.81(2) C99 C31(C) 7.05(2) 
C99 C32(A) 7.50(3) C99 C32(C) 7.24(3) 
C99 N33(A) 8.36(2) C99 N33(C) 7.73(2) 
C99 C31(B) 6.81(2) C99 C31(D) 7.05(2) 
C99 C32(B) 7.50(3) C99 C32(D) 7.24(3) 
C99 N33(B) 8.36(2) C99 N33(D) 7.73(2) 
average (C99 to C32) 7.37 
Anion - cation(l) Anion - cation(2) 
C99 N1 7.11(1) C99 N2 7.71(1) 
C99 N1 7.19(1) C99 N2 8.66(1) 
C99 N1 8.35(1) C99 N2 8.84(1) 
C99 N2 9.71(1) 
average (C99 to N) 8.22 
Cation(l) - solvent Cation(2) - solvent 
N1 N33(A) 4.37(3) N2 N33(E) 5.15(2) 
N1 C32(A) 5.34(3) N2 C32(E) 6.01(3) 
N1 C31(A) 6.41(3) N2 C31(E) 6.94(2) 
N1 N33(B) 6.46(3) N2 N33(F) 6.06(2) 
N1 C32(B) 6.63(3) N2 C32(F) 6.23(3) 
N1 C31(B) 6.98(3) N2 C31(F) 6.63(2) 
N1 C31(C) 8.47(3)* N2 C31(G) 6.10(2)» 
N1 C32(C) 9.32(3) N2 C32(G) 7.02(3) 
N2 N33(G) 8.10(2) 
N1 " N33(D) 9.24(3) N2 C31(H) 6.34(2)* 
N1 C32(D) 9.13(3) N2 C32(H) 6.38(3) 
N1 C31(D) 9.26(3) N2 N33(H) 6.72(2) 
average (N1 to C32) 7.61 average (N2 to C32) 6.41 
® Contacts out to 9.99 A. 
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Table 37. Selected Intermolecular Distances in 
(Et4N)4(Zr5CligC) • 2CH3CN [Triclinic]® 
atom atom distance atom atom distance 
Anion - solvent 
COO C32(A) 6.835(6) COO C32(C) 6.510(6) 
COO C31(A) 6.928(6) COO C31(C) 7.468(6) 
COO N30(A) 7.177(8) COO N30(C) 8.337(8) 
COO C32(B) 6.835(6) COO C32(D) 6.510(6) 
COO C31(B) 6.928(6) COO C31(D) 7.468(6) 
COO N30(B) 7.177(8) COO N30(D) 8.337(8) 
average (COO to C31) 7.198 
Anion - cation(l) Anion - cation(2) 
N1 COO 7.410(3) N2 COO 8.371(3) 
N1 COO 7.910(3) N2 COO 8.451(3) 
N1 COO 8.104(3) N2 COO 8.484(3) 
N2 COO 8.527(3) 
average (COO to N) 8.180 
Cation(l) - solvent i 1 solvent 
N1 N30(A) 4.736(8) N2 N30(E) , 4.60(1) 
N1 C31(A) 5.131(7) N2 C31(E) 5.636(8) 
N1 C32(A) 5.950(8) N2 C32(E) 7.003(8) 
N1 N30(B) 5.060(6) N2 C32(F) 7.340(6)* 
N1 C31(B) 5.150(5) N2 C31(F) 7.586(6) 
N1 C32(B) 5.572(6) N2 N30(F) 7.959(7) 
N1 N30(C) 8.979(9) N2 C32(G) 6.379(5)* 
N1 C31(C) 9.734(7) N2 C31(G) 6.268(5) 
N2 N30(G) 6.428(7) 
N1 " N30(D) 9.658(7) N2 C32(H) 6.145(7)* 
N1 C31(D) 9.898(6) N2 C31(H) 7.337(8) 
N2 N30(H) 8.31(1) 
average (N1 to C31) 7.478 average (N2 to C31) 6.707 
® Contacts out to 9.99 A. 
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towards the cation. Considering the time over which crystallizations occurred, we find 
that T with higher density and a more regular coordination sphere about the cluster was 
produced when the crystallization occured very slowly. Note that (Et^P)^(ZrgCl ^  gBe) • 
2CH3CN gave an isostructural triclinic crystal during the slow crystallization at low 
temperature (-18®). On the other hand, (Et^N)^(ZrgCl ^  gC) • 2CH3CN [monoclinic] was 
formed when the crystallization was forced over a shorter period of time via slow 
eviration of the solvent at room temperature. The differences between the two 
structures are subtle, and the crystallization time and temperature {q>pear to be responsible 
for the crystallization of the same compounds in different space groups. 
The carbon-centered analogues (Zr^Cl^gC)^" did not undergo any redox reactions or 
ligand exchanges upon solution. Nevertheless, one change did occur. In solid 
KZr^Cli jC, all terminal chlorines are bridging two adjacent cluster units, but in the 
derivatized material, these terminal chlorine atoms are bound exclusively to one 
zirconium atom. Since these ligands are not shared anymore, one would expect the 
Zr-Cl^ distance to be shorter. Indeed, the average Zr-Cl^ distance is shortened by 
0.071Â, from 2.668(1) A in KZrgQijC to 2.597(1) A in (Et4N)4(Zr^CligC) • 2CH3CN 
(triclinic). At the same time the average Zr-Zr distance increases by only 0.023Â, from 
3.225(1) A in KZr^Oj^gC to 3.248(1) A in (EtjlSO^GZraCZligC:) • 2CH3CN (triclinic). 
The changes in the average Zr-Cl^ distances are less than O.OI2A (Table 35). Similar 
numbers are found for the monoclinic material. Although the changes in Zr-Zr distances 
are significantly larger than the error, they are still small in comparison with the changes 
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for the average Zr-Q® distance. The cleavage of Zrg - CI - Zrg bridges affects Zr-Cl® 
bonds but has little impact on the bonding within the (ZrgClj[2^)"^ cluster core. 
(Et^N)^(ZrgCIigFe) • 2CH3CN Similar to the carbon-centered material, 
KZrgCl^gFe dissolves without oxidation. As seen with KZrgCl^gC, the changes in 
distances within the cluster are small. Conversion of KZr^Cl^gFe to (Et^P)^(ZrgCl ^  gFe) 
• 2CH3CN results in a 0.065À decrease in the average Zr-Q® distance but only to 
0.007Â and 0.022Â increases in average Zr-Cl^ and Zr-Zr bond distances, respectively. 
As a result, the average Zr-Cl^ and Zr-Cl® distances become almost identical (Table 35). 
The change in these bond distances in the 14-electron carbon-centered cluster was less 
pronounced while the 12-electron, beryllium-centered clusters also had equal average 
Zr-Cl* and Zr-Cl® distances. Furthermore, the Zr-Zr distances in (Zr^Cl^gBe)^' and 
(Zr^Cl^gFe)^" are close to each other but considerably greater than in (ZrgCl jgC)'*" 
(Table 35). Therefore the change in Zr-Q® distances appears to be as much a function of 
cluster core expansion (steric) as they are a function of connectivity of the terminal 
ligands. 
Ligand substitution 
Charged Ligands The reaction of KIZr^Cl^gFe with (Et^N)Br had produced a 
bromine substituted cluster. While the average Zr-X® distance increased, as expected, 
because of the larger ionic radius for Br", the metal to metal distances in 
(Et4P)4(ZrgCljgFe) • 2CH3CN and (Et4N)4[(Zr^Cl ^  2Fe)Cl3Brg] • 2CH3CN were 
within 3o of each other. Thus the exchange of chlorine with bromine in terminal 
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positions has no effect on the cluster bonding (Table 35). Again, the change in the 
average Zr-Cl^ distance (0.01SÂ) is small. 
Neutral Ligands The addition of neutral organic ligands to beryllium-centered 
clusters allows evaluation of the influence of ligand substitution on the bonding within 
the cluster. A comparison of average distances within the cluster frameworic of 
(ZrgCli2Be)(EtNH2)g, (Zr()Cl]^2Be)(i-PrNH2)g, (ZrgCli2Be)(Et3P)g with those of the 
Na^ZrgClj^gBe (Table 35) shows that, despite substitution, all cluster bond distances 
remain within 4 o(Â). Such small change of the Zr-Zr distances can also be observed 
when LigZlrgCl^gH is dehvatized to (ZrgCl22HXEtNH2)g. Although the decrease in 
average Zr-2^ bond distance is larger than 20a, it is only 0.025Â overall. This clearly 
indicates that the bonding within the cluster is largely independent of the nature of the 
terminal ligand. As shown later, this bonding depends markedly on the number of 
electrons provided for cluster bonding and, as seen in previous woik [9], on the type of 
interstitial atom. 
One electron oxidation 
(Ph^P)^(Zr^CI]^gB) • (Ph^P)2(ZrCI^) Solution of the 14-electron cluster 
material RbgZr^Cl^gB in acetonitrile led to the fomiation of the oxidized 13-electron 
cluster (Zr^CljgB)^'. Since both starting material and product have only unshared 
terminal ligands, no change in bonding due to intercluster bridging cleavage has occurred. 
All bond changes should be due to oxidation. As expected [4,9], removal of one electron 
from the metal - metal bonding t2g^ HOMO of the cluster results in a overall increase in 
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average Zr-Zr bond distance of 0.050(1)Â. At the same time the average Zr-Cl^ or Zr-Cl 
distances decrease by only 0.007Â and 0.018Â, respectively (Table 35). 
One remarkable aspect of the (Zr^Cl^gB)'*" cluster is its distortion. The cluster is a 
compressed trigonal antiprism (R-3)(Tables 26,27). The average Zr-Zr bond distance 
between the top and bottom triangle, 3.308(1) A is only 0.019Â longer than the average 
Zr-Zr bond distance in RbgZr^Cl^gB, 3.277 A (Table 35), whereas the average distance 
within the top and bottom metal triangles, 3.351(1) A is significantly longer. It exceeds 
the average Zr-Zr bond distance in RbgZr^Cl j gB by 0.074(1)A. 
The one-electron oxidation apparently leads to removal of the degeneracy of the 
metal - metal bonding HOMO (t2g). The orbital does not involve bonding interactions 
between zirconium and the interstitial atom; thus, a trigonal distortion was observed, 
which leaves the Zr-Z distances and angles essentially unchanged and not a tetragonal 
distortion, which would lead to two different sets of such bonds. 
Two electron oxidation 
(Zr^CI igBe)^' Four reactions produced single crystals containing the 12-electron 
cluster (ZrgCl^gBe)^" (Figure 2). The difference in all average bond lengths among 
these is less than 0.021 A (Table 35) and therefore these compounds will not be dicussed 
individually. The removal of two electrons from the HOMO, which is only metal - metal 
bonding, should result in an even greater effect on bonding within the cluster than 
observed for (Zr^QjgB)^'. An O.IOOA increase in average Zr-Zr bond distance, from 
3.299(1) A in Na^Zr^a^gBe to 3.399(1) A in (Et4N)^(ZrgCl^gBe) • 2CH3CN confirms 
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this assumption. At the same time, the average Zr-Cl^ distance decreases by 0.099Â, 
from 2.667(3) A in Na^Zr^Cli^Be to 2.568(2) A in (Zr^CligEe)"*'. The O.OISA 
decrease in the average Zr-Cl^ distance is comparatively small. As a result, all Zr-Cl 
distances have approximately the same value in the 12-electron cluster. In (Zr^Cl^gB)^", 
the one electron oxidation led to an 0.05A increase in the average Zr-Zr distance. The 
two electron oxidation from Na^Zr^Cl^gBe to (Zr^Q ^ gBe)^' increased this distance by 
0.1 A, thus an average increase of O.OSA per electron is observed. A comparison of bond 
distances and angles within the cluster core of Na4ZrgQjgBe and (Zr^Qj^gBe)^' 
(Table 35) shows that both clusters are essentially perfect octahedra. The removal of two 
electrons therefore did not lead to any distortion, This is surprising since the HOMO of 
the cluster is the triply degenerate t2g orbital. There is no apparent reason why the 
13-electron cluster should distoit and the 12-electron cluster not. Since both clusters 
should have unpaired electrons, magnetic measurements can be expected to show 
paramagnetism for each. 
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FUTURE WORK 
The successful solution and derivatization of centered zirconium chloride materials 
has opened up a broad new area of research for these compounds. The number of 
potential projects in this area qjpears quite large; thus, the selection of examples in this 
chapter had to be restricted. They should not be seen as the limit of what can be done in 
this area. 
The future work suggested can be divided into two major sections. The first part 
contains specifîc problems derived from experiments covered in this research, while the 
second part will deal with more general research projects. 
The reaction of KZr^Cl^gFe with KSCN and 18-crown-6 is reproducible, and a 
method for obtaining single crystals of the product (slow diffusion of diethylether) has 
been found. The reaction should be repeated and small adjustments to the crystallization 
(concentration of the solution, speed of diffusion) made. A single crystal diffraction 
analysis should answer some of the questions that were raised in that connection, 
particularly whether (K-18-crown-6'^)(SCN') ion pairs are indeed the ligands in this case. 
Similarly, the reactions of Na^Zr^Qj^Be with EtMe2N or quinuclidine in the 
absence of a spherand should be repeated. The sparingly soluble, red products may be 
successfully recrystallized, as with (ZrgC1^2B@)(EtgP)Q, by heating of the sample to 
60®C and very slow cooling to -S^C. If the expected (ZrgCl22Be)Lg [L= EtMe2N, 
CH(C2H^)3N ] cluster has formed, the experiment would provide the proof for formation 
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of cluster adducts with tertiary amines. These relatively weak ligands then may be 
suitable to sythesize clusters with mixed ligands (both CI" and R3N in terminal position). 
Another interesting problem is the reaction of beryllium-centered starting materials 
with pyridine. After the initial solution and presumed formation of 
(ZrgClj2Be)(pyridine)g or [(ZrgCli2®®)(py"^®)3^3l^"» ® secondary reaction and 
formation of a microcrystalline, black, insoluble product occurs. So far, the best single 
crystals of this product have been obtained from a reaction where K^Zr^Cl^gBe was first 
converted (unknowingly at the time) to (ZrgCl|2^®)("'P'^^2^6 (hen dissolved in 
pyridine. A repetition of this reaction, accompanied by very slow addition of pyridine 
during the second phase of the reaction, may lead to larger single cystals and an answer to 
this unusual behaviour. 
Reactions with mononuclear Zr(IV) complexes have shown that amides are very 
good ligands for zirconium [67-70]. Multidentate ligands with amido-functions have 
been used to force {patently weaker ligating atoms such as phosphorus into the 
coordination sphere [71-73]. Since a phosphine-substituted cluster has already been 
isolated and characterized, an amido-substituted cluster should be even more stable. 
A morie general project would involve the expansion of the chemistry with 
phosphines and primary amines. Such reactions have shown that in solution these ligands 
are ct^able of replacing all terminal halide ligands on a cluster. So far only neutral 
organometallic clusters have been isolated. Reactions of suitable boron- and carbon-
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centered materials with a large excess of such a strong neutral ligand should lead to 
formation of hexa-substituted cationic clusters, which have not yet been isolated. 
(ZrgCligO^- + 6 R3P [(Zr6Cli2C)(R3P)5l2+ + 6 CI" 
Nevertheless, neither KZrgCl^gC nor RbgZrgCl^gB appears to be reactive enough to be 
used for these experiments. Better suited may be other materials containing as many 
alkali metal cations, preferably small (Li, Na, K), as possible. Potential candidates are 
Na^Zr^CljgC (so far structurally not completely characterized [74]) and Na2ZrgQ 
[11] as sources for carbon- or boron-centered clusters, respectively. The additional 
charges on the (hypothetical) cationic clusters may increase their solubility compared 
with neutral clusters. To offset this additional solubility, the use of MegP and MeNH2' 
which gave insoluble neutral clusters, may produce compounds that are easily 
recrystallized. 
Generally, the identification of products still poses a problem. Since the quantitative 
synthesis of several compounds has become somewhat of a routine procedure, their IR 
spectra (both regular and far-IR) should be recorded for future reference [20,75]. This 
may allow for identification of products in other reactions in which attempts to grow 
single crystals were not successful. 
A major restriction in all reactions has been the use of acetonitrile as the only 
workable solvent for solution of solid state materials. An alternative route to new 
compounds may be the use of now known reactions to prepare (Et^Y)^(ZrgCl ^  gZ) • 
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2CH3CN or (Zr^Q 12^)^ as starting materials for subsequent derivatization reactions. 
The solubility of these compounds in solvents other than acetonitrile has yet to be 
explored. Of particular interest here is their reaction with Grignard reagents or 
organolithium compounds. The large number and stability of Zr(IV) compounds with 
zirconium to carbon bonds make the success of such substitution reactions very probable 
[76]. Acetonitrile itself nevertheless reacts with organolithium compounds, rendering it 
useless as a solvent for this reaction, and THF or diethylether should be better for this 
purpose. 
The derivatization reactions of cluster materials have been limited to the use of 
halides or organic bases as terminal ligands. Other potential ligands are organometallic 
complexes with sufRcient basicity. Recent work has shown that mononuclear 
zirconium(IV) complexes can form heterobimetallic compounds with metal - metal 
bonding. One such complex is [(OCMe3)(Cp)2 Zr - Ru(C0)2Cp] [77,78]. 
Trinitrosylcobalt [Co(NO)3] has been reported to "be an extremely strong base, forming 
adducts with acids such as trimethylborane which are more stable than corresponding 
adducts of ammonia or trimethylamine" [79,80]. Complexes such as this may well form 
derivatized cluster materials with terminal zirconium to metal bonds. 
Derivatized clusters might also be used successfully as starting materials to obtain 
new condensed solid state phases via elimination of one or more of the ligands (or parts 
thereof) from (ZrgC1^2^*)^6 (^^"Sters at elevated temperatures. 
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Preliminary examinations have also shown that the solution attempts may be 
extended to the increasing number of MyX|2Z compounds. ScyI|2C and Sc»^! ^ 2^ 
dissolve in pyridine under formation of a deep red solution. While this does not prove 
that they react under retention of the cluster framework, it nevertheless shows that the 
research does not have to be limited to the zirconium halide systems. 
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APPENDIX A. POSITIONAL AND THERMAL PARAMETERS FOR 
(Et^N)4(Zr^CligC) • 2CH3CN [triclinic] 
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Positional Parameters and B(eq) for (Et^N)^(ZrgCl^gC) • ZCH^CN [triclinic] 
atom X y z B(eq) 
C(00) 0. 0. 0. 1.6(1) 
Zr(l) 0.14956(2) -0.05800(2) 0.03180(2) 1.822(8) 
Zr(2) 0.12150(2) 0.14285(2) 0.16747(2) 1.766(8) 
Zr(3) 0.10684(3) 0.13385(2) -0.09879(2) 1.824(8) 
Cl(21) 0.03063(7) -0.22043(7) -0.14990(7) 2.62(2) 
Cl(12) 0.29991(7) 0.09517(7) 0.21918(7) 2.69(2) 
Cl(23) 0.25033(7) 0.30572(6) 0.07524(7) 2.61(2) 
Ci(32) 0.01840(8) 0.00810(7) 0.29297(6) 2.74(2) 
Cl(31) 0.04631(7) -0.21197(7) 0.14359(7) 2.70(2) 
Cl(13) 0.27981(7) 0.08084(7) -0.07727(7) 2.56(2) 
Cl(lO) 0.32049(7) -0.12094(7) 0.06699(7) 2.83(2) 
Cl(20) 0.25340(7) 0.30409(7) 0.35751(6) 2.77(2) 
Cl(30) 0.23159(8) 0.28223(7) -0.21095(7) 2.81(2) 
N(l) 0.7085(3) 0.3683(2) 0.1933(2) 2.68(8) 
N(2) 0.5504(3) 0.2733(2) 0.6556(2) 2.72(8) 
C(ll) 0.8255(3) 0.4737(3) 0.1794(3) 3.1(1) 
C(12) 0.8597(4) 0.4490(4) 0.0762(4) 3.9(1) 
C(13) 0.5940(3) 0.3150(3) 0.0828(3) 3.3(1) 
C(14) 0.5592(4) 0.4009(4) 0.0324(4) 4.0(1) 
C(15) 0.7409(4) 0.2736(3) 0.2238(4) 3.4(1) 
C(16) 0.6370(6) 0.1642(5) 0.2456(6) 5.3(2) 
C(17) 0.6736(4) 0.4143(4) 0.2856(4) 3.8(1) 
C(18) 0.7718(6) 0.4632(5) 0.4035(4) 5.3(2) 
C(21) 0.5788(4) 0.2043(4) 0.5763(3) 3.5(1) 
C(22) 0.6132(6) 0.1171(5) 0.6268(5) 4.8(2) 
C(23) 0.5179(4) 0.3533(4) 0.5884(3) 3.3(1) 
C(24) 0.4786(4) 0.4268(4) 0.6498(4) 3.8(1) 
C(25) 0.4412(4) 0.1906(4) 0.6953(4) 3.7(1) 
C(26) •0.3162(5) 0.1092(5) 0.6018(6) 5.8(2) 
C(27) 0.6664(4) 0.3470(3) 0.7623(3) 3.4(1) 
C(28) 0.7873(4) 0.4341(5) 0.7444(5) 5.0(2) 
N(30) 0.8737(6) 0.2812(6) 0.5424(5) 8.9(3) 
C(31) 0.9303(5) 0.2416(5) 0.5218(4) 5.1(2) 
C(32) 1.0053(5) 0.1923(5) 0.4992(4) 5.6(2) 
H(l) 0.816(4) 0.547(4) 0.187(4) 5(1) 
H(2) 0.896(3) 0.494(3) 0.242(3) 2.7(7) 
H(3) 0.882(3) 0.382(3) 0.075(3) 2.9(7) 
135 
Positional Parameters and B(eq) for (Et^N)^(ZrQCl^gC) • 2CH3CN [triclinic] 
atom X  y z  B(eq) 
H(4) 0.789(6) 0.409(5) -0.008(5) 9(2) 
H(5) 0.933(4) 0.522(4) 0.072(3) 4(1) 
H(6) 0.605(4) 0.266(4) 0.020(4) 6(1) 
H(7) 0.514(5) 0.250(4) 0.093(4) 6(1) 
H(8) 0.629(5) 0.462(4) 0.025(4) 6(1) 
H(9) 0.479(4) 0.352(3) -0.035(3) 3.6(8) 
H(10) 0.549(3) 0.444(3) 0.089(3) 2.0(6) 
H(ll) 0.757(3) 0.256(3) 0.167(3) 2.4(7) 
H(12) 0.810(4) 0.318(4) 0.287(3) 3.7(9) 
H(13) 0.668(9) 0.215(8) 0.340(8) 16(3) 
H(14) 0.577(5) 0.132(5) 0.194(5) 6(1) 
H(15) 0.683(6) 0.115(5) 0.275(5) 9(2) 
H(16) 0.659(4) 0.480(4) 0.265(3) 3.9(9) 
H(17) 0.601(4) 0.356(4) 0.292(3) 3.6(9) 
H(18) 0.766(4) 0.384(5) 0.434(4) 6(1) 
H(19) 0.852(7) 0.508(6) 0.414(6) 9(2) 
H(20) 0.738(5) 0.483(5) 0.443(5) 7(1) 
H(21) 0.495(4) 0.159(4) 0.495(4) 5(1) 
H(22) 0.652(4) 0.262(4) 0.559(4) 4(1) 
H(23) 0.546(5) 0.048(5) 0.641(4) 6(1) 
H(24) 0.633(5) 0.081(5) 0.573(5) 7(1) 
H(25) 0.674(6) 0.145(5) 0.694(5) 7(1) 
H(26) 0.603(4) 0.420(4) 0.580(4) 5(1) 
H(27) 0.457(4) 0.305(3) 0.527(3) 3.4(9) 
H(28) 0.534(4) 0.465(3) 0.723(4) 3.1(8) 
H(29) 0.452(6) 0.477(6) 0.592(5) 9(2) 
H(30) 0.407(4) 0.385(4) 0.659(4) 4(1) 
H(31) 0.467(4) 0.145(4) 0.735(3) 3.5(9) 
H(32) 0.427(4) 0.242(3) 0.751(3) 3.7(8) 
H(33) 0.292(7) 0.141(7) 0.543(6) 10(2) 
H(34) 0.324(5) 0.053(5) 0.550(5) 8(2) 
H(35) 0.265(5) 0.079(5) 0.633(5) 7(2) 
H(36) 0.641(4) 0.396(4) 0.810(4) 4.2(9) 
H(37) 0.683(4) 0.293(4) 0.805(4) 5(1) 
H(38) 0.872(5) 0.477(5) 0.829(5) 7(1) 
H(39) 0.801(4) 0.381(4) 0.709(4) 5(1) 
H(40) 0.769(6) 0.486(6) 0.705(6) 10(2) 
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APPENDIX B. POSITIONAL AND THERMAL PARAMETERS FOR 
(Et^N)^(Zr6CligBe) • 2CH3CN 
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Positional Parameters and B(eq) for (Et^N)^(ZrgCl^ gBe) • 2CH3CN 
atom X  y z  B(eq) 
Zr(l) 0.15713(3) -0.05869(3) 0.03366(3) 2.017(9) 
Zr(2) 0.12656(3) 0.14950(3) 0.17508(3) 1.923(8) 
Zr(3) 0.11040(3) 0.13887(3) -0.10316(3) 2.019(9) 
Cl(21) 0.03209(9) -0.22094(8) -0.15063(8) 2.83(3) 
Cl(12) 0.30302(8) 0.09835(8) 0.22239(8) 2.91(3) 
Cl(23) 0.25034(9) 0.30825(7) 0.07600(8) 2.82(2) 
Cl(32) 0.0198(1) 0.00933(8) 0.29578(8) 2.99(3) 
Cl(3l) 0.0486(1) -0.21160(8) 0.14476(8) 2.89(3) 
Cl(13) 0.28126(8) 0.08175(8) -0.07834(8) 2.77(3) 
Cl(lO) 0.3261(1) -0.11961(9) 0.06864(9) 3.16(3) 
Cl(30) 0.2328(1) 0.28367(8) -0.21424(9) 3.13(3) 
Cl(20) 0.2542(1) 0.30856(8) 0.36273(8) 3.07(3) 
Be 0. 0. 0. 1.62(8) 
N(10) 0.5525(3) 0.2744(3) 0.6560(3) 2.8(1) 
C(ll) 0.6662(5) 0.3461(4) 0.7633(4) 3.7(1) 
C(12) 0.7878(5) 0.4335(6) 0.7446(6) 5.2(2) 
C(13) 0.4429(5) 0.1923(4) 0.6951(4) 4.0(1) 
C(14) 0.3178(6) 0.1125(7) 0.5999(7) 6.0(2) 
C(15) 0.5183(5) 0.3537(4) 0.5891(4) 3.4(1) 
C(16) 0.4817(6) 0.4264(5) 0.6503(5) 4.1(2) 
C(17) 0.5800(5) 0.2051(5) 0.5759(4) 3.7(1) 
C(18) 0.6143(7) 0.1186(6) 0.6266(6) 5.2(2) 
N(20) 0.7075(3) 0.3690(3) 0.1932(3) 2.8(1) 
C(21) 0.5949(4) 0.3159(4) 0.0831(4) 3.5(1) 
C(22) 0.5601(5) 0.4019(5) 0.0332(5) 4.2(2) 
C(23) 0.8242(4) 0.4735(4) 0.1793(4) 3.3(1) 
C(24) 0.8593(5) 0.4496(5) 0.0776(5) 4.1(2) 
C(25) 0.6731(5) 0.4136(5) 0.2861(4) 4.0(2) 
C(26) •0.7709(7) 0.4640(6) 0.4036(5) 5.3(2) 
C(27) 0.7405(4) 0.2756(4) 0.2239(4) 3.5(1) 
C(28) 0.6380(7) 0.1668(5) 0.2453(7) 5.3(2) 
N(30) 0.8747(7) 0.2844(6) 0.5416(6) 9.2(2) 
C(31) 0.9281(6) 0.2408(5) 0.5210(5) 5.4(1) 
C(32) 0.9998(6) 0.1908(6) 0.4981(5) 6.0(1) 
H(lll) 0.652(4) 0.391(4) 0.804(4) 4(1) 
H(112) 0.682(4) 0.291(4) 0.807(3) 2.7(8) 
H(121) 0.851(6) 0.488(5) 0.828(5) 7(2) 
139 
Positional Parameters and B(eq) for (Et^N)^(ZrgCl ^gBe) • 2CH3CN 
a t o m  X  y z  B(eq) 
H(122) 0.825(5) 0.385(5) 0.711(5) 6(1) 
H(123) 0.771(7) 0.479(6) 0.709(6) 8(2) 
H(131) 0.478(4) 0.150(4) 0.740(4) 4(1) 
H(132) 0.434(4) 0.250(4) 0.754(4) 3(1) 
H(141) 0.291(6) 0.154(5) 0.554(5) 6(2) 
H(142) 0.319(7) 0.056(7) 0.547(6) 8(2) 
H(143) 0.265(8) 0.059(7) 0.617(7) 9(2) 
H(151) 0.601(5) 0.410(5) 0.573(4) 5(1) 
H(152) 0.455(5) 0.299(4) 0.520(4) 4(1) 
H(161) 0.550(5) 0.477(4) 0.714(4) 4(1) 
H(162) 0.480(5) 0.487(4) 0.615(4) 5(1) 
H(163) 0.426(6) 0.392(5) 0.657(5) 6(2) 
H(171) 0.503(5) 0.170(4) 0.508(4) 5(1) 
H(172) 0.644(4) 0.264(4) 0.547(4) 3(1) 
H(181) 0.537(7) 0.046(6) 0.634(5) 8(2) 
H(182) 0.632(5) 0.086(5) 0.569(5) 5(1) 
H(183) 0.686(6) 0.153(5) 0.681(5) 6(2) 
H(211) 0.608(4) 0.274(4) 0.026(4) 3(1) 
H(212) 0.527(5) 0.260(4) 0.104(4) 5(1) 
H(221) 0.624(5) 0.455(4) 0.011(4) 4(1) 
H(222) 0.486(7) 0.353(6) -0.045(6) 9(2) 
H(223) 0.542(6) 0.452(5) 0.091(5) 7(1) 
H(231) 0.804(4) 0.540(4) 0.167(4) 4(1) 
H(232) 0.898(5) 0.493(5) 0.240(4) 5(1) 
H(241) 0.879(6) 0.390(6) 0.077(5) 8(2) 
H(242) 0.795(7) 0.413(6) 0.001(6) 8(2) 
H(243) 0.945(6) 0.531(6) 0.083(5) 7(2) 
H(251) 0.648(4) 0.470(4) 0.257(4) 3(1) 
H(252) 0.592(4) 0.344(4) 0.274(4) 3(1) 
H(261) 0.790(6) 0.400(6) 0.433(5) 8(2) 
H(262) 0.847(6) 0.526(5) 0.392(5) 6(1) 
H(263) 0.731(6) 0.489(6) 0.449(6) 8(2) 
H(271) 0.769(4) 0.256(4) 0.159(4) 3.2(9) 
H(272) 0.813(5) 0.310(4) 0.293(4) 5(1) 
H(281) 0.630(6) 0.195(5) 0.317(5) 7(2) 
H(282) 0.576(7) 0.116(6) 0.178(6) 8(2) 
H(283) 0.674(6) 0.123(5) 0.279(5) 6(1) 
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APPENDIX C. POSITIONAL AND THERMAL PARAMETERS FOR 
(Et4N)4(Zr6CligC) • 2CH3CN [monoclinic] 
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Positional Parameters and B(eq) for (Et^N)^(ZrgCl^gC) • 2CH3CN fmonoclinic] 
atom X  y z  B(eq) 
C(99) 1.0000 1/2 0. 3.3(7) 
Zr(l) 0.9665(1) 0.58158(9) 0.09124(5) 3.08(5) 
Zr(2) 1.1772(1) 0.51223(9) 0.04600(6) 3.12(5) 
Zr(3) 0.9966(1) 0.34826(8) 0.05290(5) 3,10(5) 
Cl(12) 1.1572(3) 0.6039(2) 0.1504(1) 4.0(1) 
Cl(13) 0.9596(3) 0.4226(3) 0.1589(1) 4.1(1) 
Cl(23) 1.1896(3) 0.3471(3) 0.1083(2) 4.4(1) 
Cl(21) 1.2312(3) 0.4251(3) -0.0508(2) 4.3(1) 
Cl(31) 0.9678(3) 0.7571(2) 0.0427(1) 4.3(1) 
Cl(32) 1.1991(2) 0.6802(2) -0.0085(2) 4.0(1) 
Cl(lO) 0.9314(3) 0.6728(3) 0.1959(2) 4.7(2) 
Cl(20) 1.3747(3) 0.5250(3) 0.1019(2) 5.4(2) 
Cl(30) 0.9953(3) 0.1778(2) 0.1134(2) 5.1(2) 
N(l) 0.743(1) 0.0508(8) 0.8475(6) 5.2(3) 
N(2) 0.7939(8) 0.0088(8) 0.2156(5) 4.5(2) 
C(ll) 0.648(2) -0.010(2) 0.842(1) 11.8(7) 
C(llA) 0.672(2) -0.123(2) 0.843(1) 9.8(6) 
C(12A) 0.807(2) 0.020(2) 0.974(1) 9.9(6) 
C(12) 0.833(2) 0.023(2) 0.910(1) 10.9(6) 
C(13) 0.711(2) 0.164(2) 0.860(1) 9.1(5) 
C(13A) 0.640(1) 0.207(1) 0.8007(8) 7.2(4) 
C(14A) 0.871(2) 0.109(2) 0.782(1) 9.7(6) 
C(14) 0.788(2) 0.042(2) 0.784(1) 10.2(6) 
C(21) 0.697(1) 0.072(1) 0.1772(8) 6.5(4) 
C(21A) 0.724(1) 0.138(1) 0.1236(9) 8.1(5) 
C(22) 0.755(1) -0.050(1) 0.2702(8) 6.3(4) 
C(22A) 0.838(1) -0.114(1) 0.3141(8) 7.4(4) 
C(23) 0.831(1) -0.061(1) 0.1650(7) 5.4(3) 
C(23A) 0.750(1) -0.126(1) 0.1240(8) 7.2(4) 
C(24) 0.889(1) 0.077(1) 0.2487(7) 5.8(3) 
C(24A) 0.863(1) 0.151(1) 0.2988(8) 6.8(4) 
C(31) 0.995(2) 0.166(2) 0.510(1) 9.2(5) 
C(32) 1.005(2) 0.251(2) 0.483(1) 13.5(8) 
N(33) 1.013(2) 0.343(2) 0.455(1) 14.2(7) 
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U values for (Et^N)^(ZrgCl^gC) • 2CH3CN [monoclinicl 
atom u n  U22 U33 U12 U13 U23 
Zr(l) 0.0439(8) 0.0432(7) 0.0332(6) 0.0065(6) 0.0155(5) 0.0017(6) 
Zr(2) 0.0388(7) 0.0434(7) 0.0379(6) 0.0045(6) 0.0119(5) 0.0034(6) 
Zr(3) 0.0454(8) 0.0379(7) 0.0374(6) 0.0060(6) 0.0159(6) 0.0068(6) 
Cl(12) 0.052(2) 0.061(2) 0.038(2) 0.002(2) 0.009(2) -0.005(2) 
Cl(13) 0.068(2) 0.055(2) 0.040(2) 0.007(2) 0.025(2) 0.008(2) 
Cl(23) 0.054(2) 0.057(2) 0.052(2) 0.013(2) 0.009(2) 0.013(2) 
C1(2I) 0.048(2) 0.067(2) 0.052(2) 0.014(2) 0.024(2) -0.002(2) 
Cl(31) 0.077(2) 0.041(2) 0.051(2) 0.009(2) 0.026(2) 0.000(2) 
Cl(32) 0.050(2) 0.049(2) 0.056(2) -0.005(2) 0.017(2) 0.008(2) 
Cl(lO) 0.073(3) 0.063(2) 0.050(2) 0.005(2) 0.032(2) -0.010(2) 
Cl(20) 0.043(2) 0.087(3) 0.069(2) -0.000(2) 0.005(2) 0.003(2) 
Cl(30) 0.082(3) 0.049(2) 0.070(2) 0.007(2) 0.031(2) 0.024(2) 
C(99) 0.05(1) 0.04(1) 0.04(1) 0.00(1) 0.007(8) 0.008(9) 
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(Et^N)4(ZrgCligFe) # 2CH3CN 
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Positional Parameters and B(eq) for (Et4N>4(ZrgCljgFe) • 2CH3CN 
atom X  y z  B(eq) 
Fe 1.0000 0. 1.0000 2.5(1) 
Zr(l) 0.9969(1) 0.16029(9) 1.05586(6) 2.81(6) 
Zr(2) 0.8120(1) 0.0123(1) 0.95234(6) 2.84(6) 
Zr(3) 1.0338(1) 0.0865(1) 0.90329(6) 2.80(6) 
Cl(12) 0.7991(3) 0.1816(2) 1.0097(2) 3.8(2) 
Cl(13) 1.0310(3) 0.2600(2) 0.9565(2) 3.9(2) 
Cl(23) 0.8395(3) 0.1049(3) 0.8488(2) 3.6(2) 
Cl(21) 1.1931(3) 0.1544(3) 1.1089(2) 4.0(2) 
Cl(31) 0.9611(3) 0.0779(3) 1.1609(2) 3.7(2) 
Cl(32) 0.7675(2) -0.0766(3) 1.0528(2) 3.9(2) 
Cl(lO) 0.9970(3) 0.3288(3) 1.1159(2) 4.9(2) 
Cl(20) 0.6160(3) 0.0240(3) 0.8983(2) 5.0(2) 
Cl(30) 1.0660(3) 0.1762(3) 0.7992(2) 4.4(2) 
N(10) 0.7061(8) -0.0081(9) 0.2838(5) 4.2(2) 
C(ll) 0.670(1) 0.062(1) 0.3332(7) 5.1(3) 
C(llA) 0.750(1) 0.128(1) 0.3760(9) 7.0(4) 
C(12) 0.802(1) -0.070(1) 0.3226(8) 5.6(4) 
C(12A) 0.779(1) -0.136(1) 0.3777(9) 7.1(5) 
C(13) 0.613(1) -0.073(1) 0.2518(7) 4.7(3) 
C(13A) 0.639(1) -0.151(1) 0.2020(8) 6.0(4) 
C(14) 0.746(1) 0.050(1) 0.2297(8) 5.7(4) 
C(14A) 0.663(1) 0.111(1) 0.1845(8) 6.9(4) 
N(20) 0.739(1) 0.448(1) 0.8496(6) 5.3(3) 
C(21) 0.641(2) 0.508(2) 0.844(1) 11.0(7) 
C(21A) 0.666(2) 0.620(2) 0.850(1) 9.7(6) 
C(22) 0.831(2) 0.471(2) 0.909(1) 9.8(6) 
C(22A) 0.805(2) 0.478(2) 0.976(1) 9.9(6) 
C(23) 0.784(2) 0.459(2) 0.785(1) 9.1(6) 
C(23A) 0.868(2) 0.395(2) 0.782(1) 9.6(6) 
C(24) 0.714(2) 0.336(2) 0.864(1) 9.0(6) 
C(24A) 0.636(1) 0.294(1) 0.8014(9) 7.0(4) 
N(30) 0.512(2) 0.343(2) 0.958(1) 13.0(7) 
C(31) 0.500(2) 0.259(2) 0.981(1) 11.7(8) 
C(32) 0.496(2) 0.175(2) 1.011(1) 8.8(6) 
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U values for (Et^N)^(Zr^Cl i gFe) • 2CH3CN 
atom u n  U22 U33 U12 UI3 U23 
Fe 0.033(2) 0.036(2) 0.031(1) -0.006(1) 0.014(1) -0.004(1) 
Zr(l) 0.0396(8) 0.0339(7) 0.0365(8) -0.0076(7) 0.0153(6) -0.0073(6) 
Zr(2) 0.0295(8) 0.0426(8) 0.0361(8) -0.0039(7) 0.0088(6) -0.0034(7) 
Zr(3) 0.0393(8) 0.0389(8) 0.0320(7) -0.0076(7) 0.0159(6) -0.0003(6) 
Cl(12) 0.043(2) 0.046(2) 0.057(2) 0.005(2) 0.015(2) -0.008(2) 
Cl(13) 0.066(2) 0.036(2) 0.051(2) -0.006(2) 0.025(2) 0.001(2) 
Cl(23) 0.045(2) 0.054(2) 0.037(2) -0.002(2) 0.007(2) 0.008(2) 
Cl(21) 0.047(2) 0.050(2) 0.051(2) -0.014(2) 0.006(2) -0.016(2) 
Cl(31) 0.064(2) 0.050(2) 0.035(2) -0.008(2) 0.025(2) -0.010(2) 
Cl(32) 0.036(2) 0.066(2) 0.050(2) -0.012(2) 0.022(2) 0.001(2) 
Cl(lO) 0.071(3) 0.048(2) 0.076(3) -0.014(2) 0.035(2) -0.031(2) 
Cl(20) 0.031(2) 0.085(3) 0.069(3) -0.003(2) 0.001(2) -0.003(2) 
Cl(30) 0.068(3) 0.062(3) 0.047(2) -0.004(2) 0.031(2) 0.010(2) 
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(Et4N)4[(Zr6Cli2Fe)Cl3Br3] • 2CH3CN 
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Positional Parameters and B(eq) for (Et^N)^[(ZrgC1^2^^)('^3^'^3] • 2CH3CN 
atom X  y z  B(eq) 
Zr(l) 0.9703(1) 0.5866(1) 0.09677(7) 3.45(7) 
Zr(2) 1.1865(1) 0.5123(1) 0.04587(7) 3.50(7) 
Zr(3) 0.9986(1) 0.3424(1) 0.05683(7) 3.43(7) 
Br(10) 0.9432(2) 0.6809(2) 0.2067(1) 4.1(1) 
Br(20) 1.3914(2) 0.5249(2) 0.1004(1) 4.5(1) 
Br(30) 1.0012(2) 0.1705(2) 0.1220(1) 5.1(1) 
Cl(lO) 0.9432 0.6809 0.2067 4.1 
Cl(20) 1.3914 0.5249 0.1004 4.5 
Cl(30) 1.0012 0.1705 0.1220 5.1 
Cl(12) 1.1635(3) 0.6039(3) 0.1500(2) 4.2(2) 
Cl(13) 0.9664(3) 0.4257(3) 0.1620(2) 4.1(2) 
Cl(23) 1.1932(3) 0.3474(3) 0.1081(2) 4.4(2) 
Cl(21) 1.2274(3) 0.4223(3) -0.0544(2) 4.2(2) 
Cl(31) 0.9709(3) 0.7585(3) 0.0424(2) 4.0(2) 
Cl(32) 1.1984(3) 0.6788(3) -0.0124(2) 4.0(2) 
Fe 1.0000 1/2 0. 3.0(1) 
N(l) 0.743(1) 0.053(1) 0.8525(7) 5.4(3) 
C(1I) 0.643(2) -0.009(2) 0.849(1) 11.9(8) 
C(IIA) 0.674(2) -0.120(2) 0.854(1) 10.3(7) 
C(12) 0.833(2) 0.030(2) 0.908(1) 10.0(7) 
C(12A) 0.807(2) 0.022(2) 0.978(1) 10.8(8) 
C(13) 0.711(2) 0.167(2) 0.863(1) 10.1(7) 
C(13A) 0.633(2) 0.201(2) 0.803(1) 7.4(5) 
C(14) 0.786(2) 0.047(2) 0.785(1) 10.3(7) 
C(14A) 0.872(2) 0.111(2) 0.785(1) 10.8(7) 
N(2) 0.790(1) 0.006(1) 0.2179(6) 5.0(3) 
C(21) 0.695(1) 0.067(1) 0.178(1) 6.4(5) 
C(21A) 0.722(2) 0.132(2) 0.124(1) 9.5(7) 
C(22) •0.746(2) -0.049(2) 0.270(1) 7.1(5) 
C(22A) 0.830(2) -0.114(2) 0.318(1) 8.4(6) 
C(23) 0.831(1) -0.064(1) 0.168(1) 6.8(5) 
C(23A) 0.750(2) -0.128(2) 0.126( 1 )  8.0(6) 
C(24) 0.881(1) 0.073(1) 0.2500(8) 5.5(4) 
C(24A) 0.854(1) 0.148(1) 0.298(1 ) 6.8(5) 
C(3I) 0.985(2) 0.184(2) 0.511(1) 10.4(7) 
C(32) 1.001(2) 0.272(3) 0.479(2) 14(1) 
N(33) 1.015(2) 0.350(2) 0.456(1) 15(1) 
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U values for (Et^N)^[(ZrgC1^2^^)^^3^'^3] * 2CH3CN 
atom u n  U22 U33 U12 U13 U23 
Zr(l) 0.050(1) 0.045(1) 0.040(1) 0.0070(8) 0.0181(7) 0.0006(8) 
Zr(2) 0.043(1) 0.045(1) 0.046(1) 0.0045(8) 0.0143(7) 0.0027(8) 
Zr(3) 0.051(1) 0.037(1) 0.045(1) 0.0062(8) 0.0175(7) 0.0076(7) 
Br/Cl(IO) 0.069(2) 0.051(2) 0.047(1) 0.005(1) 0.033(1) -0.011(1) 
Br/Cl(20) 0.026(1) 0.074(2) 0.067(2) 0.002(1) 0.001(1) -0.003(1) 
Br/Cl(30) 0.082(2) 0.043(2) 0.079(2) 0.007(1) 0.039(2) 0.028(1) 
Cl(12) 0.053(3) 0.059(3) 0.044(2) -0.001(2) 0.008(2) -0.007(2) 
Cl(13) 0.066(3) 0.052(3) 0.046(2) 0.008(2) 0.027(2) 0.007(2) 
Cl(23) 0.050(3) 0.049(3) 0.063(3) 0.014(2) 0.008(2) 0.019(2) 
Cl(21) 0.045(2) 0.067(3) 0.054(3) 0.009(2) 0.023(2) -0.004(2) 
Cl(31) 0.069(3) 0.035(2) 0.051(2) 0.008(2) 0.023(2) -0.003(2) 
Cl(32) 0.047(3) 0.050(3) 0.057(3) -0.005(2) 0.019(2) 0.008(2) 
Fe 0.042(2) 0.038(2) 0.035(2) 0.007(2) 0.015(1) 0.004(1) 
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Positional Parameters and B(eq) for (Et^P)^(Zr^Cl [gBe) • 2CH-^CN 
atom X  y z  B(eq) 
Zr(l) -0.1378(1) 0.1508(1) 0.0889(1) 2.40(7) 
Zr(2) -0.0869(1) -0.1197(1) 0.0171(1) 2.45(7) 
Zr(3) 0.1546(1) -0.0585(1) 0.1828(1) 2.39(7) 
Cl(lO) -0.2779(4) 0.3109(3) 0.1850(3) 4.4(2) 
Cl(12) -0.2410(3) 0.0343(3) 0.1079(3) 3.3(2) 
Cl(13) 0.0158(3) 0.0935(3) 0.2876(3) 3.4(2) 
Cl(20) -0.1792(4) -0.2452(3) 0.0397(4) 4.7(3) 
Cl(21) -0.0515(3) 0.2860(3) 0.0776(3) 3.4(2) 
Cl(23) 0.0708(3) -0.1881(3) 0.2123(3) 3.3(2) 
Cl(30) 0.3228(4) -0.1209(4) 0.3749(3) 4.6(3) 
Cl(3l) -0.3096(3) 0.2202(3) -0.0990(3) 3.4(2) 
Cl(32) -0.2499(3) -0.0709(3) -0.1782(3) 3.2(2) 
N(32) 0.826(2) 0.413(2) 0.517(2) 10.8(6) 
C(30) 0.808(2) 0.223(2) 0.465(2) 7.5(5) 
C(31) 0.823(2) 0.325(2) 0.495(2) 7.9(6) 
P(l) 0.2736(5) 0.2011(4) 0.6365(4) 5.4(3) 
C(ll) 0.155(2) 0.169(2) 0.658(2) 7(1) 
C(12) 0.430(2) 0.098(2) 0.714(2) 7(1) 
C(13) 0.243(3) 0.344(2) 0.700(2) 11(2) 
C(14) 0.268(2) 0.192(2) 0.489(2) 8(2) 
C(15) 0.172(2) 0.048(2) 0.613(2) 6(2) 
C(16) 0.439(2) 0.104(2) 0.842(2) 8(2) 
C(17) 0.284(6) 0.398(3) 0.687(3) 26(7) 
C(18) 0.139(3) 0.293(2) 0.421(2) 10(2) 
P(2) 0.3371(6) 0.4323(5) 0.1925(5) 7.1(4) 
C(21) 0.365(3) 0.533(3) 0.298(3) 11.9(9) 
C(22) 0.317(6) 0.460(5) 0.049(6) 28(3) 
C(23) 0.176(3) 0.491(3) 0.125(3) 15(1) 
C(24) •0.437(4) 0.284(4) 0.219(4) 20(2) 
C(25) 0.455(3) 0.546(3) 0.326(3) 15(1) 
C(26) 0.381(3) 0.446(3) 0.003(3) 12(1) 
C(27) 0.101(3) 0.494(2) 0.200(2) 11.2(8) 
C(28) 0.462(4) 0.247(3) 0.323(3) 16(1) 
Be 0. 0. 0. 2.9(5) 
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U values for (Et^P)^(Zr^Cl^gBe) • 2CH3CN 
atom u n  U22 U33 U12 U13 U23 
Zr(l) 0.0295(7) 0.0297(7) 0.0330(7) -0.0095(6) 0.0161(6) -0.0018(6) 
Zr(2) 0.0321(7) 0.0335(8) 0.0366(8) -0.0189(6) 0.0140(6) 0.0013(6) 
Zr(3) 0.0287(7) 0.0363(8) 0.0254(7) -0.0129(6) 0.0078(6) 0.0032(6) 
Cl(lO) 0.056(2) 0.042(2) 0.063(3) -0.005(2) 0.039(2) -0.016(2) 
Cl(12) 0.042(2) 0.048(2) 0.051(2) -0.021(2) 0.028(2) 0.000(2) 
Cl(13) 0.049(2) 0.054(2) 0.024(2) -0.020(2) 0.016(2) -0.007(2) 
Cl(20) 0.083(3) 0.058(3) 0.075(3) -0.056(2) 0.040(2) -0.010(2) 
Cl(21) 0.050(2) 0.028(2) 0.062(2) -0.020(2) 0.029(2) -0.006(2) 
Cl(23) 0.049(2) 0.045(2) 0.035(2) -0.022(2) 0.010(2) 0.014(2) 
Cl(30) 0.048(2) 0.086(3) 0.030(2) -0.027(2) -0.007(2) 0.022(2) 
Cl(31) 0.028(2) 0.042(2) 0.045(2) -0.000(2) 0.012(2) 0.006(2) 
Cl(32) 0.035(2) 0.056(2) 0.038(2) -0.030(2) 0.006(2) -0.003(2) 
P(l) 0.073(3) 0.079(4) 0.066(3) -0.036(3) 0.032(3) -0.004(3) 
C(ll) 0.05(1) 0.12(2) 0.10(2) -0.05(1) 0.02(1) 0.04(1) 
C(12) 0.05(1) 0.11(2) 0.10(2) -0.02(1) 0.03(1) 0.02(1) 
C(13) 0.28(4) 0.06(1) 0.07(2) -0.08(2) 0.04(2) -0.02(1) 
C(14) 0.15(2) 0.10(2) 0.07(1) -0.06(2) 0.05(1) -0.00(1) 
C(15) 0.10(2) 0.11(2) 0.06(1) -0.07(1) 0.04(1) -0.01(1) 
C(I6) 0.04(1) 0.15(2) 0.10(2) -0.03(1) 0.00(1) 0.06(2) 
C(17) 0.8(1) 0.18(3) 0.09(2) -0.33(6) 0.13(4) -0.06(2) 
C(18) 0.22(3) 0.11(2) 0.07(1) -0.10(2) 0.04(2) -0.00(1) 
P(2) 0.091(4) 0.080(4) 0.077(4) -0.024(3) 0.023(3) -0.007(3) 
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Positional Parameters and B(eq) for (Et^P)^(ZrgCl %gFe) • 2CH3CN 
atom X  y z  B(eq) 
Fe 0. 0 .  0. 2.38(8) 
Zr(l) -0.13889(6) 0.15167(6) 0.08973(6) 2.70(4) 
Zr(2) -0.08770(7) -0.12110(6) 0.01733(6) 2.75(4) 
Zr(3) 0.15551(6) -0.05833(6) 0.18450(6) 2.73(4) 
C1(12) -0.2412(2) 0.0334(2) 0.1085(2) 3.6(1) 
Cl(i3) 0.0153(2) 0.0944(2) 0.2884(2) 3.7(1) 
Cl(23) 0.0712(2) -0.1890(2) 0.2126(2) 3.7(1) 
Cl(21) -0.0522(2) 0.2868(2) 0.0774(2) 3.9(1) 
Cl(31) -0.3102(2) 0.2202(2) -0.0997(2) 3.8(1) 
Cl(32) -0.2500(2) -0.0724(2) -0.1788(2) 3.7(1) 
Cl(lO) -0.2791(2) 0.3127(2) 0.1867(2) 4.8(1) 
Cl(20) -0.1789(2) -0.2470(2) 0.0422(2) 5.1(2) 
Cl(30) 0.3249(2) -0.1197(2) 0.3778(2) 4.9(1) 
P(l) 0.2732(3) 0.2022(2) 0.6379(2) 5.7(2) 
C(ll) 0.266(1) 0.194(1) 0.493(1) 7.3(3) 
C(llA) 0.153(1) 0.282(1) 0.423(1) 9.4(4) 
C(12) 0.157(1) 0.1702(8) 0.6516(9) 6.1(2) 
C{12A) 0.167(1) 0.0554(9) 0.6102(9) 6.7(2) 
C(13) 0.237(1) 0.343(1) 0.696(1) 9.2(3) 
C(13A) 0.315(2) 0.376(2) 0.687(2) 16.8(7) 
C(14) 0.423(1) 0.103(1) 0.714(1) 7.0(3) 
C(14A) 0.444(1) 0.097(1) 0.837(1) 7.7(3) 
P(2) 0.3375(3) 0.4323(3) 0.1918(3) 7.4(2) 
C(21) 0.369(2) 0.537(2) 0.300(2) 15.2(6) 
C(21A) 0.477(2) 0.533(2) 0.336(2) 16.9(7) 
C(22) 0.166(2) 0.487(2) 0.137(2) 15.3(6) 
C(22A) 0.102(2) 0.491(1) 0.200(2) 12.9(5) 
C(23) 0.428(3) 0.299(3) 0.203(3) 24(1) 
C(23A) 0.451(3) 0.246(2) 0.308(3) 23(1) 
C(24) 0.357(3) 0.468(3) 0.062(3) 26(2) 
C(24A) 0.373(2) 0.438(2) -0.009(2) 14.3(7) 
N(30) 0.821(1) 0.413(1) 0.516(1) 12.2(4) 
C(31) 0.815(1) 0.327(1) 0.497(1) 8.1(3) 
C(32) 0.808(1) 0.227(1) 0.472(1) 7.2(3) 
H(l) 0.3454 0.2021 0.4902 8.8 
H(2) 0.2687 0.1141 0.4588 8.8 
H(3) 0.1490 0.3630 0.4556 11.3 
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Positional Parameters and B(eq) for (Et^P)^(Zr^Cl ^ gFe) • 2CH-^CN 
atom X  y z  B(eq) 
H(4) 0.1546 0.2716 0.3370 11.3 
H(5) 0.0719 0.2754 0.4249 11.3 
H(6) 0.1643 0.1776 0.7400 7.4 
H(7) 0.0674 0.2303 0.6040 7.4 
H(8) 0.0939 0.0433 0.6224 8.1 
H(9) 0.1583 0.0466 0.5213 8.1 
H(10) 0.2562 -0.0063 0.6570 8.1 
H(ll) 0.1437 0.3983 0.6490 11.1 
H(12) 0.2448 0.3443 0.7836 11.1 
H(13) 0.4079 0.3208 0.7339 20.2 
H(14) 0.3070 0.3747 0.5992 20.2 
H(15) 0.2936 0.4599 0.7212 20.2 
H(16) 0.4351 0.0212 0.6757 8.4 
H(17) 0.4920 0.1242 0.7057 8.4 
H(18) 0.3762 0.0744 0.8473 9.2 
H(19) 0.5361 0.0350 0.8766 9.2 
H(20) 0.4331 0.1775 0.8773 9.2 
H(21) 0.3064 0.6185 0.2644 18.3 
H(22) 0.3483 0.5282 0.3726 18.3 
H(23) 0.5432 0.4534 0.3743 20.3 
H(24) 0.5011 0.5441 0.2664 20.3 
H(25) 0.4801 0.5991 0.3984 20.3 
H(26) 0.1320 0.5722 0.1121 18.4 
H(27) 0.1445 0.4372 0.0633 18.4 
H(28) 0.1186 0.5423 0.2748 15.5 
H(29) 0.0043 0.5262 0.1529 15.5 
H(30) 0.1305 0.4075 0.2255 15.5 
H(31) 0.3867 0.2572 0.1310 29.1 
H(32) -0.5168 0.2872 0.1995 29.1 
H(33) 0.3635 0.2553 0.3122 27.1 
H(34) 0.5118 0.1582 0.3057 27.1 
H(35) 0.4934 0.2856 0.3808 27.1 
H(36) 0.2706 0.5409 0.0327 31.4 
H(37) 0.4317 0.4939 0.1023 31.4 
H(38) 0.3008 0.4140 -0.0633 17.1 
H(39) 0.3743 0.5017 -0.0506 17.1 
H(40) 0.4619 0.3666 0.0064 17.1 
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U values for (Et^P)^(ZrgCl ^ gFe) • 2CH3CN 
atom un U22 U33 U12 U13 U23 
Fe 0.0298(8) 0.0340(8) 0.0298(8) -0.0134(7) 0.0116(6) 0.0011(6) 
Zr(l) 0.0337(4) 0.0372(4) 0.0341(4) -0.0128(3) 0.0158(3) -0.0006(3) 
Zr(2) 0.0364(4) 0.0398(4) 0.0368(4) -0.0199(3) 0.0148(3) 0.0010(3) 
Zr(3) 0.0319(4) 0.0438(4) 0.0296(4) -0.0158(3) 0.0095(3) 0.0036(3) 
Cl(12) 0.044(1) 0.051(1) 0.053(1) -0.022(1) 0.027(1) -0.001(1) 
Cl(13) 0.047(1) 0.059(1) 0.034(1) -0.020(1) 0.0152(9) -0.0039(9) 
Cl(23) 0.050(1) 0.053(1) 0.045(1) -0.023(1) 0.013(1) 0.014(1) 
Cl(21) 0.059(1) 0.039(1) 0.062(1) -0.023(1) 0.031(1) -0.006(1) 
Cl(31) 0.037(1) 0.052(1) 0.045(1) -0.006(1) 0.013(1) 0.007(1) 
Cl(32) 0.042(1) 0.062(1) 0.045(1) -0.030(1) 0.0089(9) 0.002(1) 
Cl(lO) 0.063(1) 0.056(1) 0.064(1) -0.013(1) 0.039(1) -0.012(1) 
Cl(20) 0.089(2) 0.070(2) 0.075(2) -0.057(1) 0.041(1) -0.010(1) 
Cl(30) 0.051(1) 0.089(2) 0.040(1) -0.025(1) 0.002(1) 0.018(1) 
P(l) 0.076(2) 0.080(2) 0.070(2) -0.035(2) 0.033(1) -0.004(1) 
P(2) 0.097(2) 0.089(2) 0.079(2) -0.032(2) 0.018(2) -0.003(2) 
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Positional Parameters and B(eq) for (ZrgCl ][ 2Be)(EtNH2)^ • 8CH3CN 
atom X  y z  B(eq) 
H(7) 0.7068 -0.0478 0.4859 4.8 
H(8) 0.9169 -0.2775 0.9240 2.4 
H(9) 1.0486 -0.2784 0.8991 2.4 
H(10) 1.0858 -0.3192 1.0611 5.7 
H ( l l )  0.9569 -0.3106 1.0953 5.7 
H(12) 0.9107 -0.4074 0.9753 7.1 
H(13) 1.0394 -0.4157 0.9402 7.1 
H(i4) 1.0028 -0.4400 1.0635 7.1 
H(15) 0.6108 -0.0022 1.0546 3.1 
H(16) 0.6495 -0.0712 1.1434 3.1 
H(17) 0.6670 0.0225 1.2686 4.7 
H(18) 0.6326 0.0930 1.1802 4.7 
H(19) 0.4866 0.0562 1.2829 5.9 
H(20) 0.4656 0.0325 1.1549 5.9 
H(21) 0.4999 -0.0384 1.2428 5.9 
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Positional Parameters and B(eq) for (Zr^Cl 2H)(EtNH2)g • SCH^CN 
atom X  y z  B(eq) 
H(99) 1.0000 0. 1.0000 4.0 
Z r ( l )  0.93785(3) 0.00869(2) 0.83999(3) 1.50(2) 
Zr(2) 0.99967(3) -0.12600(2) 0.98636(3) 1.53(2) 
Zr(3) 0.84010(3) -0.00400(2) 1.05883(3) 1.55(2) 
Cl(12) 0.93000(9) -0.13439(6) 0.80370(7) 2.01(4) 
Cl(13) 0.74813(8) 0.00566(6) 0.88589(8) 2.04(4) 
Cl(21) 0.92908(9) 0.15458(6) 0.83498(8) 2.08(4) 
Cl(23) 0.81886(8) -0.14919(6) 1.05286(8) 2.02(5) 
Cl(31) 1.11161(8) 0.01379(6) 0.75261(7) 2.02(4) 
Cl(32) 1.18219(8) -0.14026(6) 0.91990(8) 2.06(5) 
N(10) 0.8769(3) 0.0190(2) 0.6668(3) 2.6(2) 
C ( l l )  0.7889(5) -0.0249(4) 0.6261(4) 4.5(3) 
C(12) 0.7715(5) -0.0159(3) 0.5140(4) 4.2(3) 
N(20) 0.9921(3) -0.2615(2) 0.9586(3) 2.2(2) 
C(21) 1.0106(6) -0.3191(3) 1.0373(4) 4.9(3) 
C(22) 0.9892(6) -0.3989(3) 1.0028(4) 5.3(3) 
N(30) 0.6664(3) -0.0130(2) 1.1180(3) 3.0(2) 
C(31) 0.6257(4) 0.0339(4) 1.1992(5) 4.5(3) 
C(32) 0.5150(5) 0.0195(4) 1.2205(5) 4.6(3) 
N(40) 0.9942(5) 0.1256(4) 0.4827(4) 6.6(4) 
C(4l) 0.9308(5) 0.1508(4) 0.4318(4) 4.3(3) 
C(42) 0.8518(5) 0.1797(4) 0.3662(5) 5.1(3) 
N(50) 0.7432(4) 0.1850(3) 0.6173(4) 4.7(3) 
C(51) 0.7889(4) 0.2374(3) 0.6387(4) 3.2(3) 
C(52) 0.8466(5) 0.3054(3) 0.6671(5) 4.5(3) 
N(60) 0.5142(5) 0.1311(4) 0.9830(5) 7.2(4) 
C(61) 0.5668(5) 0.1613(4) 0.9288(5) 5.0(4) 
C(62) 0.6385(6) 0.1979(5) 0.8608(6) 7.7(5) 
N(70) •0.3412(5) 0.1610(3) 0.6981(5) 6.0(3) 
C(71) 0.2573(6) 0.1809(4) 0.6857(4) 4.7(3) 
C(72) 0.1530(5) 0.2075(4) 0.6732(5) 5.0(3) 
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Positional Parameters and B(eq) for (ZrgCI|2Be)(i-PrNH2)6 • 8CH3CN 
atom X  y z B(eq) 
H(4) 1.0181 0.4724 0.4090 4.6 
H(5) 0.9904 0.4452 0.2909 4.6 
H(6) 1.0384 0.5381 0.3158 4.6 
H(7) 0.8954 0.6004 0.2308 4.2 
H(8) 0.8437 0.5089 0.2050 4.2 
H(9) 0.7757 0.5792 0.2657 4.2 
H(10) 0.4220 0.4242 0.1541 2.5 
H(ll) 0.3023 0.4277 0.1968 2.5 
H(12) 0.4015 0.5638 0.1139 3.2 
H(I3) 0.2735 0.4437 0.0148 5.3 
H(14) 0.3128 0.5316 -0.0356 5.3 
H(15) 0.3987 0.4593 -0.0039 5.3 
H(16) 0.2666 0.5909 0.2141 5.2 
H{17) 0.2331 0.6085 0.0946 5.2 
H(I8) 0.1931 0.5235 0.1512 5.2 
H(19) 0.5527 0.7732 0.3710 2.1 
H(20) 0.4358 0.7863 0.4178 2.1 
H(21) 0.6176 0.8158 0.5272 2.7 
H(22) 0.5968 0.9532 0.4846 3.7 
H(23) 0.6219 0.8955 0.3850 3.7 
H(24) 0.5019 0.9276 0.4039 3.7 
H(25) 0.5105 0.8981 0.6182 4.6 
H(26) 0.4107 0.8694 0.5452 4.6 
H(27) 0.4720 0.8005 0.6173 4.6 
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Positional Parameters and B(eq) for (ZrgClj2®®HEt3P)g 
atom X y z B(eq) 
Be 1.0000 0. 1.0000 4.0(8) 
Zr(l) 1.0851(2) 0.0858(2) 0.8413(1) 3.06(7) 
Zr(2) 1.1907(2) 0.0390(2) 1.0787(1) 2.99(6) 
Zr(3) 1.0402(2) 0.1901(2) 1.0792(1) 3.00(7) 
Cl(12) 1.3029(4) 0.1375(4) 0.9127(4) 3.8(2) 
Cl(13) 1.1370(4) 0.3023(4) 0.9128(4) 3.8(2) 
Cl(23) 1.2503(4) 0.2480(4) 1.1772(4) 3.8(2) 
Cl(21) 0.8832(4) 0.0512(4) 0.7397(4) 3.9(2) 
Cl(31) 0.9512(4) 0.1144(4) 1.2603(4) 4.1(2) 
Cl(32) 0.8341(4) 0.1659(4) 1.0004(4) 4.1(2) 
P(l) 1.1910(5) 0.1936(5) 0.6524(4) 4.1(2) 
P(2) 1.4253(5) 0.1025(5) 1.1788(4) 4.0(2) 
P(3) 1.1040(5) 0.4229(5) 1.1782(4) 4.1(2) 
C(ll) 1.335(2) 0.333(2) 0.689(2) 6(1) 
C(12) 1.401(2) 0.403(2) 0.594(2) 8(1) 
C(13) 1.102(2) 0.234(2) 0.559(2) 6(1) 
C(14) 1.069(3) 0.324(3) 0.602(2) 9(2) 
C(15) 1.227(2) 0.101(2) 0.556(2) 5.5(9) 
C(16) 1.323(3) 0.071(3) 0.601(2) 9(2) 
C(21) 1.448(2) 0.158(2) 1.329(2) 5.1(8) 
C(22) 1.573(2) 0.191(2) 1.391(2) 7(1) 
C(23) 1.465(2) -0.020(2) 1.174(2) 6(1) 
C(24) 1.391(2) -0.118(2) 1.244(2) 9(1) 
C(25) 1.555(2) 0.223(2) 1.120(2) 5(1) 
C(26) 1.567(2) 0.348(2) 1.144(2) 6(1) 
C(31) 1.159(2) 0.448(2) 1.326(2) 4.9(9) 
C(32) 1.196(2) 0.570(2) 1.387(2) 8(1) 
C(33) 1.226(2) 0.553(2) 1.120(2) 6(1) 
C(34) 1.352(2) 0.565(2) 1.137(2) 7(1) 
C(35) 0.983(2) 0.464(2) 1.176(2) 6(1) 
C(36) 0.884(2) 0.390(2) 1.247(2) 8(1) 
H(l) 1.3184 0.3931 0.7417 7.1 
H(2) 1.3961 0.3097 0.7346 7.1 
H(3) 1.4846 0.4828 0.6289 10.2 
H(4) 1.4220 0.3460 0.5406 10.2 
H(5) 1.3436 0.4288 0.5471 10.2 
H(6) 1.1524 0.2682 0.4895 6.9 
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Positional. Parameters and B(eq) for (Zr^Cl j 2Be)(Et2P)g 
atom X y z B(eq) 
H(7) 1.0178 0.1514 0.5308 6.9 
H(8) 1.1511 0.4086 0.0299 11.0 
H(9) 1.0164 0.3383 0.5363 11.0 
H(IO) 1.0162 0.2918 0.6706 11.0 
H(ll) 1.1442 0.0171 0.5307 6.6 
H(12) 1.2584 0.1500 0.4847 6.6 
H(13) 1.2936 0.0203 0.6714 10.9 
H(14) 1.3359 0.0168 0.5362 10.9 
H(15) 1.4078 0.1534 0.6256 10.9 
H(16) 1.4379 0.2378 1.3351 6.1 
H(17) 1.3783 0.0880 1.3694 6.1 
H(18) 1.5846 0.1125 1.3863 8.8 
H(19) 1.6441 0.2625 1.3523 8.8 
H(20) 1.5770 0.2221 1.4767 8.8 
H(21) 1.4486 -0.0590 1.0885 7.5 
H(22) 1.5602 0.0189 1.2035 7.5 
H(23) 1.4078 -0.0804 1.3299 10.5 
H(24) 1.2956 -0.1576 1.2152 10.5 
H(25) 1.4172 -0.1876 1.2377 10.5 
H(26) 1.6374 0.2273 1.1559 6.3 
H(27) 1.5431 0.2011 1.0313 6.3 
H(28) 1.5798 0.3728 1.2324 7.7 
H(29) 1.6437 0.4141 1.1067 7.7 
H(30) 1.4849 0.3463 1.1081 7.7 
H(3I) 1.0880 0.3797 1.3673 5.9 
H(32) 1.2379 0.4350 1.3338 5.9 
H(33) 1.2262 0.5723 1.4731 9.3 
H(34) 1.2688 0.6398 1.3490 9.3 
H(35) •1.1187 0.5848 1.3820 9.3 
H(36) 1.1998 0.5440 1.0310 6.8 
H(37) 1.2312 0.6353 1.1577 6.8 
H(38) 1.3490 0.4851 1.0982 8.1 
H(39) 1.4161 0.6437 1.1006 8.1 
H(40) 1.3802 0.5757 1.2253 8.1 
H(41) 1.0235 0.5588 1.2058 7.1 
H(42) 0.9423 0.4492 1.0907 7.1 
H(43) 0.8157 0.4183 1.2423 9.9 
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Positional Parameters and B(eq) for (Zr^CI ^2Be)(EtgP)^ 
atom X y z B(eq) 
H(44) 0.8422 0.2952 1.2177 9.9 
H(45) 0.9232 0.4050 1.3327 9.9 
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APPENDIX L. POSITIONAL AND THERMAL PARAMETERS FOR 
(Ph4P)4(Zr6Cli8B) • (Ph4P)2(ZrCl6) 
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Positional Parameters and B(eq) for (Ph^P)^(ZrgCl^gB ) • (Ph^P)2(ZrClg) 
atom X  y z  B(eq) 
H(5) 0.2288 0.3361 0.3703 4.9 
H(6) 0.3726 0.2982 0..2294 4.4 
H(7) 0.4252 0.2392 0.1972 6.5 
H(8) 0.3898 0.1260 0.2200 8.0 
H(9) 0.2964 0.0664 0.2731 9.4 
H(10) 0.2339 0.1200 0.3037 7.4 
H(ll) 0.1643 0.1996 0.2116 5.4 
H(12) 0.0448 0.1212 0.2001 6.3 
H(13) -0.0296 . 0.0801 0.2682 6.8 
H(14) 0.0141 0.1078 0.3497 7.1 
H(15) 0.1349 0.1876 0.3630 5.6 
H(16) 0.1922 \ 0.3215 0.2355 4.6 
H(17) 0.2332 0.4335 0.2022 5.8 
H(18) 0.3481 0.5178 0.2116 6.7 
H(19) 0.4250 0.4944 0.2559 6.4 
H(20) 0.3844 0.3836 0.2942 5.1 
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APPENDIX M. POSITIONAL AND THERMAL PARAMETERS FOR 
(Ph^P)^(ZrgCI^gBe) • 4py 
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Positional Parameters and B(eq) for (Ph^P)^(ZrgCl|gBe) • 4py 
atom X y z B(eq) 
Zr(l) 0. 3/4 0.0210(1) 3.3(1) 
Zr(2) -0.06950(5) 0.69308(5) -0.1244(1) 2.99(8) 
Cl(l) -0.0138(1) 0.6166(1) -0.1264(3) 3.9(2) 
Cl(2) -0.0605(2) 0.8233(2) 0.0291(3) 4.5(3) 
Cl(3) -0.0735(2) 0.6892(2) 0.0311(2) 4.0(3) 
Cl(4) -0.1435(2) 0.6335(2) -0.1237(3) 5.0(2) 
Cl(5) 0. 3/4 0.1786(3) 6.6(5) 
P 0.3560(2) 0.0769(2) -1.0295(3) 4.3(3) 
Be 0. 3/4 -1/8 6(1) 
C(IO) 0.3599(4) 0.1125(4) -1.1870(7) 5.4(5) 
C(ll) 0.3736(5) 0.1470(5) -1.2463(5) 8.0(6) 
C(12) 0.3977(5) 0.1908(4) -1.2238(8) 6.9(5) 
C(13) 0.4080(4) 0.2001(4) -1.1420(9) 7.9(6) 
C(14) 0.3943(4) 0.1656(4) -1.0827(6) 7.8(6) 
C(15) 0.3703(4) 0.1218(4) -1.1052(6) 3.5(4) 
H(ll) 0.3666(7) 0.1406(7) -1.3020(5) 7.9 
H(12) 0.4070(7) 0.2142(6) -1.264(1) 7.9 
H(13) 0.4244(6) 0.2299(4) -1.127(1) 7.9 
H(14) 0.4013(7) 0.1720(7) -1.0270(6) 7.9 
H(15) 0.3609(6) 0.0984(5) -1.0648(8) 7.9 
C(20) 0.4226(4) 0.0099(4) -0.9633(7) 5.1(4) 
C(21) 0.4636(4) -0.0026(3) -0.9155(7) 6.6(5) 
C(22) 0.4904(3) 0.0346(5) -0.8759(6) 6.5(5) 
C(23) 0.4763(4) 0.0842(4) -0.8842(7) 7.1(5) 
C(24) 0.4353(4) 0.0966(3) -0.9321(7) 7.3(6) 
C(25) 0.4085(3) 0.0595(5) -0.9716(6) 4.2(4) 
H(2l) 0.4732(6) -0.0363(4) -0.910(1) 7.4 
H(22) 0.5183(4) 0.0262(7) -0.8433(9) 7.4 
H(23) •0.4946(6) 0.1095(5) -0.857(1) 7.4 
H(24) 0.4257(7) 0.1304(3) -0.938(1) 7.4 
H(25) 0.3806(4) 0.0679(7) -1.0042(8) 7.4 
C(30) 0.2713(4) 0.1282(4) -0.9927(5) 4.8(4) 
C(31) 0.2355(4) 0.1482(4) -0.9409(8) 6.8(6) 
C(32) 0.2412(4) 0.1443(4) -0.8567(7) 6.6(5) 
C(33) 0.2828(5) 0.1205(4) -0.8244(5) 6.2(5) 
C(34) 0.3186(3) 0.1005(4) -0.8762(7) 5.5(4) 
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Positional Parameters and B(eq) for (Ph^P)^(ZrgCl^gBe) • 4py 
atom X  y z  B(eq) 
C(35) 0.3129(4) 0.1044(4) -0.9604(7) 4.3(4) 
H(31) 0.2072(4) 0.1644(6) -0.963(1) 6.7 
H(32) 0.2168(5) 0.1579(6) -0.821(1) 6.7 
H(33) 0.2867(7) 0.1179(6) -0.7670(5) 6.7 
H(34) 0.3470(4) 0.0843(5) -0.854(1) 6.7 
H(35) 0.3373(5) 0.0908(5) -0.996(1) 6.7 
C(40) 0.2836(4) 0.0042(4) -1.0566(6) 4.7(4) 
C(41) 0.2666(3) -0.0403(5) -1.0899(7) 7.4(6) 
C(42) 0.2962(5) -0.0666(3) -1.1446(7) 7.1(5) 
C(43) 0.3429(4) -0.0484(4) -1.1660(6) 6.7(5) 
C(44) 0.3600(3) -0.0039(4) -1.1327(7) 5.2(4) 
C(45) 0.3304(4) 0.0224(3) -1.0780(6) 4.6(4) 
H(41) 0.2347(4) -0.0527(7) -1.075(1) 7.1 
H(42) 0.2846(7) -0.0969(4) -1.167(1) 7.1 
H(43) 0.3631(6) -0.0663(6) -1.2033(9) 7.1 
H(44) 0.3918(4) 0.0085(6) -1.147(1) 7.1 
H{45) 0.3420(6) 0.0527(4) -1.055(1) 7.1 
N(50) 0.4523(4) 0.0355(5) 0.7438(7) 8.1(5) 
C(51) 0.4737(5) 0.0824(5) 0.7361(7) 7.9(6) 
C(52) 0.4907(5) 0.0986(4) 0.660(1) 8.0(6) 
C(53) 0.4862(5) 0.0679(6) 0.5923(7) 9.9(7) 
C(54) 0.4648(5) 0.0210(5) 0.6001(7) 8.5(6) 
C(55) 0.4478(4) 0.0048(4) 0.676(1) 7.7(6) 
H(51) 0.4768(7) 0.1033(7) 0.782(1) 10.0 
H(52) 0.5053(7) 0.1306(5) 0.655(1) 10.0 
H(53) 0.4978(7) 0.0790(8) 0.5408(8) 10.0 
H(54) 0.4617(7) 0.0001(7) 0.554(1) 10.0 
H(55) 0.4332(6) -0.0272(4) 0.681(1) 10.0 
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U values for (Ph^P)^(Zr^Cl ^  gBe ) • 4py 
atom un U22 U33 U12 U13 U23 
Zr(l) 0.049(2) 0.049(2) 0.029(1) -0.014(2) 0. 0. 
Zr(2) 0.036(1) 0.038(1) 0.040(1) -0.0035(9) -0.002(1) -0.003(1) 
Cl(l) 0.047(3) 0.038(2) 0.062(3) -0.001(2) -0.006(3) -0.001(3) 
Cl(2) 0.061(4) 0.054(3) 0.057(3) -0.006(3) 0.013(3) -0.011(3) 
Cl(3) 0.055(3) 0.059(3) 0.039(3) -0.014(3) 0.003(2) 0.000(3) 
Cl(4) 0.051(3) 0.050(3) 0.090(3) -0.013(2) 0.000(4) -0.014(4) 
Cl(5) 0.106(7) 0.114(7) 0.030(4) -0.048(7) 0. 0. 
P 0.056(3) 0.057(4) 0.049(3) -0.003(3) 0.005(3) -0.005(3) 
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APPENDIX N. POSITIONAL AND THERMAL PARAMETERS FOR 
(Na-2,2,2.crypt)3(PPN)(ZrgCl j gBe) 
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Positional Parameters and B(eq) for (Na-2,2,2-crypt)3(PPN)(Zr^Cl jgBe) 
atom X y z B(eq) 
Zr(ll) 0.0805(1) -0.0398(1) -0.1065(1) 3.3(1) 
Zr(12) 0.0638(1) 0.0985(1) 0.0098(1) 3.3(1) 
Zr(13) 0.0882(1) -0.0426(1) 0.1032(1) 3.2(1) 
Zr(21) 0.4369(1) 0.4879(1) 0.6259(1) 3.2(1) 
Zr(22) 0.3826(1) 0.4844(1) 0.4219(1) 3.4(1) 
Zr(23) 0.5299(1) 0.3876(1) 0.4894(1) 3.2(1) 
Cl(ll) 0.1666(3) -0.0835(3) -0.2203(4) 4.9(3) 
Cl(12) 0.1303(4) 0.2027(3) 0.0191(4) 6.0(4) 
Cl(13) 0.1834(4) -0.0917(3) 0.2096(4) 5.2(4) 
Cl(14) 0.1536(3) 0.0624(3) -0.1027(3) 4.4(3) 
Cl(15) 0.1805(3) -0.0850(3) -0.0045(3) 3.9(3) 
Cl(16) 0.0203(3) -0.1480(3) -0.1210(3) 4.2(3) 
Cl(17) -0.0071(3) 0.0039(3) -0.2246(3) 4.4(3) 
Cl(18) 0.1606(3) 0.0596(3) 0.1202(3) 4.0(3) 
Cl(19) -0.0251(3) 0.1492(3) -0.1006(3) 4.3(3) 
Cl(21) 0.3731(4) 0.4722(3) 0.7611(4) 5.5(4) 
Cl(22) 0.2560(4) 0.4688(3) 0.3404(4) 5.4(4) 
Cl(23) 0.5658(4) 0.2677(3) 0.4815(4) 5.1(4) 
Cl(24) 0.3077(3) 0.4703(3) 0.5521(4) 4.4(3) 
Cl(25) 0.4618(3) 0.3671(3) 0.6205(3) 4.0(3) 
Cl(26) 0.5577(3) 0.5031(3) 0.7160(3) 4.5(3) 
Cl(27) 0.4010(4) 0.6060(3) 0.6450(4) 4.6(3) 
Cl(28) 0.4071(3) 0.3643(3) 0.4059(4) 4.2(3) 
Cl(29) 0.3469(3) 0.6031(3) 0.4224(4) 4.3(3) 
P(l) 0.4416(3) 0.1865(3) 0.0751(3) 3.3(3) 
P(2) 0.4583(3) 0.2607(3) -0.0753(4) 3.3(3) 
Na(3) 0.9639(5) 0.2759(5) 0.5004(6) 5.2(5) 
Na(4) 0.3062(5) 0.0653(4) 0.5356(5) 4.9(5) 
Na(5) 0.8422(7) 0.4036(5) 0.0206(7) 7.4(7) 
0(301) 0.920(1) 0.2411(8) 0.638(1) 6.5(4) 
0(302) 1.069(1) 0.2305(9) 0.591(1) 7.6(5) 
0(303) 0.984(1) 0.1800(9) 0.410(1) 6.7(5) 
0(304) 1.027(1) 0.296(1) 0.360( 1 ) 10.0(6) 
0(305) 0.841(1) 0.329(1) 0.443(1) 10.5(7) 
0(306) 0.945(2) 0.394(1) 0.557(2) 15(1) 
0(401) 0.212(1) 0.1019(8) 0.642(1) 5.7(4) 
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Positional Parameters and B(eq) for (Na-2,2,2-crypt)3(PPN)(ZrgCljgBe) 
atom X  y z  B(eq) 
0(402) 0.408(1) 0.141(1) 0.596(1) 7.5(5) 
0(403) 0.165(1) 0.028(1) 0.508(1) 8.5(5) 
0(404) 0.308(1) 0.180(1) 0.470(1) 9.7(6) 
0(405) 0.382(1) -0.007(1) 0.428(2) 11.2(7) 
0(406) 0.362(2) -0.052(1) 0.570(2) 14(1) 
0(501) 0.783(2) 0.286(1) 0.013(2) 14(1) 
0(502) 0.827(1) 0.526(1) 0.030(2) 10.4(7) 
0(503) 0.956(2) 0.381(1) -0.087(2) 12.4(8) 
0(504) 0.727(1) 0.460(1) -0.064(2) 10.9(7) 
0(505) 0.789(2) 0.366(2) 0.155(2) 14(1) 
0(506) 0.979(2) 0.380(2) 0.094(2) 15(1) 
N(301) 1.098(1) 0.350(1) 0.514(2) 7.9(6)"-
N(302) 0.837(1) 0.199(1) 0.489(1) 6.5(6) 
N(401) 0.245(2) 0.075(1) 0.371(2) 8.0(7) 
N(402) 0.358(2) 0.046(1) 0.708(2) 9.0(7) 
N(501) 0.877(2) 0.472(2) 0.178(2) 11(1) 
N(502) 0.806(2) 0.341(2) -0.148(2) 14(1) 
N(999) 0.454(1) 0.2026(8) -0.017(1) 3.6(4) 
C(lll) 0.528(1) 0.188(1) 0.139(1) 3.7(5) 
C(112) 0.592(1) 0.158(1) 0.101(1) 4.8(6) 
C(113) 0.661(1) 0.156(1) 0.148(1) 4.9(6) 
C(114) 0.667(1) 0.184(1) 0.227(1) 4.2(5) 
C(115) 0.604(1) 0.213(1) 0.261(1) 4.1(5) 
C(116) 0.533(1) 0.215(1) 0.220(1) 3.7(5) 
C(121) 0.412(1) 0.106(1) 0.069(1) 3.0(4) 
C(122) 0.365(2) 0.087(1) 0.004(2) 6.3(7) 
C(123) 0.344(2) 0.021(1) -0.000(2) 7.2(8) 
C(124) 0.362(1) -0.018(1) 0.065(2) 4.8(6) 
C(125) 0.410(2) 0.002(1) 0.129(2) 6.5(7) 
C(126) 0.433(1) 0.068(1) 0.134(1) 5.1(6) 
C(131) 0.373(1) 0.238(1) 0.128(1) 3.2(5) 
C(132) 0.302(1) 0.217(1) 0.140(1) 4.1(5) 
C(133) 0.246(1) 0.255(1) 0.178(1) 5.0(6) 
C(134) 0.267(1) 0.319(1) 0.204(2) 5.6(6) 
C(135) 0.341(1) 0.341(1) 0.194(1) 4.8(6) 
C(136) 0.392(1) 0.299(1) 0.154(1) 3.6(5) 
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Positional Parameters and B(eq) for (Na-2,2,2-crypt)i|(PPN)(ZrgCI | gBe) 
atom X y z B(eq) 
C(211) 0.370(1) 0.273(1) -0.129(1) 3.0(4) 
C(212) 0.364(1) 0.311(1) -0.200(2) 5.5(6) 
C(213) 0.289(2) 0.322(1) -0.240(2) 5.6(6) 
C(214) 0.227(1) 0.297(1) -0.209(1) 4.8(6) 
C(215) 0.233(1) 0.260(1) -0.140(2) 5.3(6) 
C(216) 0.305(1) 0.248(1) -0.097(1) 4.2(5) 
C(221) 0.529(1) 0.241(1) -0.151(1) 3.4(5) 
C(222) 0.567(1) 0.180(1) -0.147(1) 4.1(5) 
C(223) 0.622(1) 0.161(1) -0.202(2) 5.6(6) 
C(224) 0.638(1) 0.207(1) -0.265(2) 5.7(6) 
C(225) 0.599(2) 0.264(1) -0.267(2) 6.0(7) 
C(226) 0.548(1) 0.286(1) -0.208(1) 4.1(5) 
C(231) 0.484(1) 0.333(1) -0.021(1) 4.3(5) 
C(232) 0.436(2) 0.387(1) -0.017(2) 6.0(7) 
C(233) 0.456(2) 0.439(1) 0.036(2) 8.2(9) 
C(234) 0.523(2) 0.433(2) 0.084(2) 8.3(9) 
C(235) 0.573(2) 0.384(2) 0.079(2) 7.8(8) 
C(236) 0.554(2) 0.331(1) 0.022(2) 6.0(7) 
C(301) 1.144(2) 0.250(2) 0.575(2) 8.4(9) 
C(302) 1.149(2) 0.317(2) 0.578(2) 9(1) 
C(303) 0.857(2) 0.147(1) 0.427(2) 8.0(8) 
C(304) 0.828(2) 0.171(1) 0.571(2) 7.4(8) 
C(305) 0.841(2) 0.222(1) 0.635(2) 6.8(7) 
C(306) 0.978(2) 0.198(1) 0.676(2) 7.0(7) 
C(307) 1.050(2) 0.224(1) 0.676(2) 7.6(8) 
C(308) 1.072(2) 0.349(2) 0.364(2) 7.9(8) 
C(309) 0.771(2) 0.242(2) 0.461(2) 10(1) 
C(310) 0.938(2) 0.129(1) 0.427(2) 7.3(8) 
C(311) •1.044(2) 0.240(2) 0.319(2) 9(1) 
C(312) 0.790(2) 0.285(2) 0.402(2) 10(1) 
C(313) 0.987(2) 0.190(2) 0.327(2) 8.7(9) 
C(314) 0.828(2) 0.390(2) 0.480(3) l l ( l )  
C(315) 1.134(2) 0.348(2) 0.430(2) 10(1) 
C(316) 1.011(2) 0.421(2) 0.587(2) 11(1) 
C(317) 1.075(2) 0.414(2) 0.541(2) 9(1) 
C(318) 0.878(3) 0.410(2) 0.530(3) 12(1) 
C(401) 0.247(2) 0.120(1) 0.721(2) 6.2(7) 
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APPENDIX O. POSITIONAL AND THERMAL PARAMETERS FOR 
[(Me3P)3(CH3CN)3Fe](ZrCl6) 
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Positional Parameters and B(eq) for [(MegP)g(CH2CN)gFe](ZrClg) 
atom X y z B(eq) 
Zr(l) 0.7722(1) 1/4 0.2031(2) 2.19(9) 
Cl(l) 0.7441(4) 1/4 0.0024(6) 5.5(4) 
Cl(2) 0.8092(3) 1/4 0.4046(5) 3.7(3) 
Cl(3) 0.6803(2) 0.3731(3) 0.2412(4) 4.2(2) 
Cl(4) 0.8608(2) 0.1223(3) 0.1664(3) 3.9(2) 
Fed) 1.0382(1) 1/4 0.7172(2) 1.9(1) 
P(l) 1.0868(3) 1/4 0.8942(5) 3.1(3) 
C(ll) 1.148(1) 0.149(1) 0.921(2) 8(1) 
C(12) 1.033(1) 1/4 1.024(2) 8(2) 
P(2) 0.9586(2) 0.3697(3) 0.7491(3) 3.1(2) 
N(30) 1.0087(9) 1/4 0.553(2) 2.6(8) 
C(31) 1.007(1) 1/4 0.458(3) 4(1) 
C(32) 1.002(1) 1/4 0.335(2) 5(1) 
N(40) 1.1082(6) 0.1533(7) 0.669(1) 2.7(5) 
C(41) 1.1469(8) 0.096(1) 0.635(1) 3.3(8) 
C(42) 1.1969(8) 0.026(1) 0.583(2) 5(1) 
C(l) 0.869(2) 0.356(2) 0.677(4) 5(2) 
C(1A) 0.910(2) 0.405(3) 0.631(4) 7(2) 
C(2) 0.990(1) 0.485(2) 0.683(3) 5(2) 
C(2A) 0.994(2) 0.474(2) 0.812(3) 5(2) 
C(3) 0.935(2) 0.421(3) 0.884(3) 7(3) 
C(3A) 0.890(2) 0.349(4) 0.865(5) 10(3) 
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U values for [(Me3P)3(CH3CN)3Fe](ZiClg) 
atom un U22 U33 U12 U13 U23 
Zr(l) 0.035(1) 0.020(1) 0.028(1) 0. -0.006(1) 0. 
Cl(l) 0.113(6) 0.051(4) 0.047(4) 0. -0.036(4) 0. 
Cl(2) 0.068(4) 0.039(3) 0.032(4) 0. -0.001(3) 0. 
Cl(3) 0.050(2) 0.030(2) 0.081(3) 0.014(2) -0.002(2) -0.003(2) 
Cl(4) 0.066(3) 0.035(2) 0.045(3) 0.016(2) 0.009(2) 0.001(2) 
Fc(l) 0.030(1) 0.020(2) 0.023(2) 0. 0.001(1) 0. 
P(l) 0.054(4) 0.042(3) 0.023(3) 0. -0.018(3) 0. 
C(ll) 0.14(2) 0.08(2) 0.07(2) 0.06(1) -0.07(1) -0.02(1) 
C(12) 0.07(2) 0.19(3) 0.03(2) 0. 0.01(1) 0. 
P(2) 0.037(2) 0.039(2) 0.042(3) 0.007(2) -0.002(2) -0.009(2) 
N(30) 0.05(1) 0.03(1) 0.03(1) 0. 0.024(9) 0. 
C(31) 0.03(1) 0.04(1) 0.07(2) 0. 0.02(1) 0. 
C(32) 0.07(2) 0.09(2) 0.02(1) 0. -0.01(1) 0. 
N(40) 0.047(7) 0.021(6) 0.033(7) 0.008(5) 0.003(6) 0.005(5) 
C(41) 0.05(1) 0.04(1) 0.03(1) -0.002(8) -0.007(8) 0.012(7) 
C(42) 0.08(1) 0.029(9) 0.08(2) 0.022(8) 0.01(1) -0.004(8) 
C(l) 0.01(2) 0.04(2) 0.15(4) -0.00(1) -0.02(2) 0.02(2) 
C(1A) 0.10(3) 0.07(3) 0.08(3) 0.06(2) -0.05(3) -0.04(2) 
C(2) 0.02(2) 0.05(2) 0.11(4) 0.02(1) 0.02(2) 0.03(2) 
C(2A) 0.07(2) 0.02(2) 0.08(3) 0.03(2) -0.02(2) -0.03(2) 
C(3) 0.12(4) 0.13(4) 0.01(2) 0.03(3) -0.03(2) -0.02(2) 
C(3A) 0.10(4) 0.14(4) 0.12(5) 0.05(3) 0.09(3) -0.02(3) 

